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Re-fermentation of Green Liberica Coffee (Coffea Liberica) Beans: Impact 
on the Caffeine and Antioxidant Content of the Roasted Beans 

Wenny Bekti Sunarharum*, Hindun Riza Umami, Annisa Aurora Kartika,  
Siska Septiana, Tunjung Mahatmanto  

Department of Food Science and Biotechnology, Faculty of Agricultural Technology, Universitas Brawijaya, 
Malang, Indonesia 

Abstract 
Coffee is renowned for its delightful taste and associated health benefits. A growing preference for lower-caffeine coffee 
is evident, but traditional decaffeination processes can inadvertently deplete vital bioactive compounds like 
antioxidants. This research explores the effects of re-fermentation on green liberica coffee beans to alter their caffeine 
and antioxidant levels. The re-fermentation was achieved using water and coffee cherry extract as media, while a control 
sample without re-fermentation was used for comparison. The study focused on caffeine content and antioxidant 
activity, measured as IC50. The results show that re-fermentation, whether with water or coffee cherry extract, led to 
decreased caffeine content and increased antioxidant activity. The re-fermentation process utilizing coffee cherry 
extract yielded the lowest caffeine content at 0.12% and exhibited the strongest antioxidant activity with an IC50 of 
11.00 ± 1.21 ppm. 

Keywords: Antioxidant, caffeine, green coffee beans, liberica, re-fermentation. 

INTRODUCTION 
The popularity of coffee has surged, as it has 

seamlessly integrated into the lifestyles of many 
people worldwide. Notably, a growing trend 
towards reducing caffeine consumption caters to 
caffeine-sensitive individuals and those mindful 
of its physiological effects [1]. The caffeine 
content of coffee varies due to various factors. 
Low-caffeine coffee can result from blending 
different species, natural genetic variations that 
yield lower caffeine levels, specific cultivation 
conditions, or distinct processes like de-
caffeination and brewing [2,3]. In addition to 
caffeine, coffee contains essential 
phytochemicals such as polyphenols, including 
chlorogenic acid, which serve as potent 
antioxidants [4]. Processes like decaffeination, 
employed to reduce caffeine, may inadvertently 
diminish the levels of phenolic acids and the 
overall antioxidant capacity of coffee [5]. 

Among the world's popular coffee varieties, 
liberica coffee (Coffea liberica) has been reported 
to exhibit exceptionally high antioxidant activity 
compared to arabica and robusta [6]. Typically, 
liberica coffee beans contain approximately 
1.25–1.69% caffeine and are valued for their 
significant antioxidant profile [6,7]. However, 
due to its uncharacteristic sensory profile [8], 
liberica coffee is often used in blends with other 
coffee, frequently alongside robusta or arabica 
coffee [6]. Fermentation is a promising approach 
to enhancing coffee's sensory profile [9]. 

Fermentation is a process that is typically 
applied to coffee cherries to remove the 
mucilage that surrounds the coffee beans 
through microbial action. This process yields 
fermented green coffee beans, often referred to 

as green beans. Beyond its role in shaping the 
sensory characteristics of coffee, fermentation 
also impacts the bioactive components of coffee, 
including caffeine [7] and antioxidants [6]. While 
the application of fermentation to coffee cherries 
has been extensively explored, limited research 
has delved into its application to green coffee 
beans. Here, we re-fermented green liberica 
beans using water and coffee cherry extracts and 
evaluated their effect on the caffeine and 
antioxidant contents of roasted liberica coffee. 

MATERIALS AND METHODS 
Materials 

The coffee beans used in this study were 10 kg 
green liberica coffee beans fermented by natural 
process and 15 kg red liberica coffee cherries from 
Kalipuro Banyuwangi. The red coffee cherries 
were de-pulped using a local coffee pulper, and 
the pulp was collected for preparing the 
fermentation media. 

Preparation of Fermentation Media  
The fermentation media were 1000 mL of 

water (P1) and 1000 mL of coffee cherry extract 
(P2). The coffee cherry extract was made by 
pulverizing coffee cherry pulp with water at a 
ratio of 1:4. The juice was filtered to yield the 
extract. 

Re-Fermentation of Green Coffee Beans  
Green liberica coffee beans were soaked in 

the fermentation media at a ratio of 1:1 in glass 
jars. The glass jars were tightly closed for 96 hours 
to allow anaerobic fermentation. The jars were 
opened for around 5 seconds every 24 hours to 
release pressure from gas buildup. The resulting 
re-fermented green coffee beans were washed 
and sun-dried to below 12.5% moisture. The dry 
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re-fermented coffee beans were roasted at 
medium level (200–220ᵒC) before further 
analysis (in triplicate). Green liberica coffee 
beans without re-fermentation were prepared as 
controls (PK). 

Analysis of Caffeine Content  
The caffeine content of the roasted beans 

was analyzed using HPLC (Shimadzu, Prominence 
LC 20A) with a C18 column, UV-vis and a 
wavelength of 278 nm. The mobile phase used 
was methanol: aquabidest (95:5) with a flow rate 
of 1 mL/min.  

Approximately 1.0 g ground coffee was mixed 
with 10 mL aquabidest and stirred using a 
magnetic stirrer at 150 rpm for 150 minutes 
before centrifugation at 6000 rpm for 15 
minutes. Approximately 0.1 mL supernatant was 
diluted with aquabidest in a 25 mL volumetric 
flask and filtered using a PTFE microfilter (0.45 
μm). For the analysis, 20 μL samples were 
injected into the HPLC. 

Caffeine standard stock solution (100 ppm) 
was prepared before dilution (0, 5, 10, 15, and 20 
ppm). Each diluted standard was filtered before 
injection and run on the HPLC as above to create 
a caffeine standard curve.  

Analysis of Antioxidant Activity  
The antioxidant activity of the roasted beans 

was analyzed using 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) [11]. A solution of 0.1 mM DPPH in 
methanol was freshly prepared for the assay. 1 
mL sample was added to 1 mL DPPH solution, 
mixed, and incubated for 30 minutes in the dark 
at room temperature. The absorbance of the 
samples was measured using a UV-vis 
spectrophotometer at 517 nm.  

Statistical Data Analysis 
The data were tabulated using Microsoft 

Excel 2013. Analysis of variance (ANOVA) and 
post-hoc at 95% confidence was performed using 
XLSTAT version 2015 (Addinsoft, New York, USA). 

RESULTS AND DISCUSSIONS  
Caffeine Content 

The caffeine content in coffee beans is an 
essential factor influencing coffee's flavor and 
physiological effects on consumers. Our research 
findings, summarized in Table 1, reveal that the 
caffeine content in roasted liberica coffee beans 
ranges between 0.12 and 1.10%. Notably, re-
fermentation treatments using either water (P1) 
or coffee cherry extract (P2) significantly reduced 
caffeine content. This decrease may be 
attributed to the leaching and degradation of 
caffeine during fermentation. 

Table 1. Caffeine Content of Roasted Liberica Coffee Beans 

Re-fermentation Caffeine Content (%) 

PK (control) 1.10 ± 0.11 a 
P1 (using water) 0.60 ± 0.05 b 
P2 (using coffee cherry 
extract) 

0.12 ± 0.03 c 

Note: Significant differences are indicated with letters 
(α=0.05) 

It is important to note that coffee's caffeine 
content is subject to many variables, with coffee 
processing being particularly influential. For 
example, fermentation and roasting reduced the 
caffeine levels of liberica coffee to a range of 
1.08–1.65%, with variations dependent on the 
duration of fermentation and roasting levels [7]. 
Brewing temperatures can also affect the caffeine 
content of coffee. This is because the solubility of 
caffeine in water increases with higher 
temperatures, contributing to lower caffeine 
content in coffee prepared through cold brewing 
methods, as opposed to those using hot water [3]. 

An intriguing observation from our research is 
the germination of some green coffee beans 
during the re-fermentation process. This 
phenomenon may have contributed to the 
compositional changes in the coffee beans. 
Indeed, a gradual decline in caffeine content [9] 
reported ranging from 49.17-62.25% in 
germinated arabica green coffee beans soaked in 
water for 12 and 24 hours [10]. The use of coffee 
cherry extract in the re-fermentation process may 
also reduce caffeine and other compounds due to 
biochemical decomposition. Naturally, occurring 
microorganisms within coffee cherries facilitate 
the enzymatic decomposition of coffee beans 
[12]. These intricate interactions and 
transformations in caffeine content underscore 
the multifaceted nature of coffee processing and 
its role in shaping the final chemical composition 
of coffee. 

Antioxidant Activity 
Table 2 presents the antioxidant activity 

results (IC50) in roasted liberica coffee beans. The 
measured IC50 values in these samples ranged 
from 27.27 ± 17.92 ppm to 40.30 ± 12.85 ppm, 
indicating a significant range of strong antioxidant 
activity. This variation in IC50 values offers 
valuable insights into the effect of re-
fermentation on the antioxidant potential of 
coffee beans. 

Table 2.  Antioxidant Activity (IC50) of Roasted Liberica 
Coffee Beans 

Re-fermentation IC50 (ppm) 

PK (control) 40.30 ± 12.85 a 
P1 (using water) 31.71 ± 16.14 b 
P2 (using coffee cherry extract) 27.27 ± 17.92 c 

Note: Significant differences are indicated with letters 
(α=0.05) 
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Notably, our findings demonstrate that the 
re-fermentation process, whether through 
soaking the green beans in water (P1) or coffee 
cherry extract (P2), led to a substantial decrease 
in the IC50 values. This reduction signifies 
increased antioxidant activity, indicating that less 
concentration is required for effective radical 
scavenging. The enhanced antioxidant potential 
observed here can be attributed to the intricate 
biochemical changes driven by the fermentation 
process. It is assumed that naturally occurring 
microorganisms, which play a pivotal role during 
fermentation, contribute to the increased 
antioxidant activity of roasted beans. In addition, 
the germination of the green beans during re-
fermentation may contribute to the biochemical 
changes that lead to this increase. For example, 
coffee polyphenols, predominantly chlorogenic 
acids (CGAs), may transform coffee processing 
[4].  

In the context of germination, the soaking of 
green coffee beans has been shown to increase 
CGAs before a subsequent decrease with 
prolonged germination time [10]. It is important 
to note that while polyphenols contribute 
significantly to antioxidant activity, other 
compounds may also play pivotal roles. Thus, 
further exploration is needed to better 
understand the mechanisms governing the 
enhancement of antioxidant activity observed in 
roasted liberica coffee beans after re-
fermentation. 

CONCLUSION 
The significant impact of re-fermentation of 

green liberica coffee beans on the roasted beans' 
caffeine content and antioxidant activity. Re-
fermentation was found to reduce the caffeine 
content of liberica coffee while enhancing its 
antioxidant activity. Further research is needed 
to explore the complex interactions and effects 
of re-fermentation, including germination, on 
the chemical composition and sensory attributes 
of liberica coffee. This work sets the stage for the 
development of coffee products that not only 
cater to caffeine-sensitive individuals but also 
capitalize on the healthful attributes of coffee, 
thereby broadening its appeal to a broader 
audience. In the pursuit of balancing flavor and 
function, re-fermentation emerges as a 
promising avenue for the future of liberica 
coffee.   

REFERENCES 
[1] Mintel. 2023. The coffee and coffee shop 

industries: what consumers want in coffee. 
Available at: https://www.mintel.com.  

[2] Kumar, V., G.A. Ravishankar. 2009. Current 
trends in producing low levels of caffeine in 
coffee berry and processed coffee powder. 
Food Rev. Int. 25 (3). 175-197.  

[3] Olechno, E., A. Puścion-Jakubik, M.E. Zujko, 
K. Socha. 2021. Influence of various factors 
on caffeine content in coffee brews. Foods. 
10. 1208. DOI: 10.3390/foods10061208. 

[4] Sunarharum, W.B., T. Mahatmanto, D.Y. Ali, 
et al. 2022. Coffee polyphenols: Biochemi-
cal, processing, and health insights. 99-109. 
In: Ramakrishna, A., P. Giridhar, M. Jeszka-
Skowron (Eds). Coffee science: biotechnolo-
gical advances, economics, and health 
benefits, 1st Ed. CRC Press.  

[5] Vicente, S.J.V., Y.S. Queiroz, S.L. Gotlieb, E.A. 
Torres. 2014. Stability of phenolic com-
pounds and antioxidant capacity of regular 
and decaffeinated coffees. Braz. Arch. Biol. 
Technol. 57. 110–118.  

[6] Saw, A.K.C., W.S. Yam, K.C. Wong, C.S. Lai. 
2015. A comparative study of the volatile 
constituents of southeast Asian coffea 
arabica, coffea liberica and coffea robusta 
green beans and their antioxidant activities. 
J. Essent. Oil-Bear. Plants. 18(1). 64-73.  

[7] Wibowo, N.A., W. Mangunwardoyo, T.J. 
Santoso, Yasman. 2021. Changes in caffeine 
of fermented Liberica coffee beans cv. 
Liberoid Meranti on roasting levels. E3S Web 
of Conferences 306, 01026. 

[8] Davis, A.P., Kiwuka, C., A. Faruk. 2022. The 
re-emergence of Liberica coffee as a major 
crop plant. Nat. Plants 8, 1322–1328.  

[9] de Melo Pereira, G.V., V.T. Soccol, S.K. Brar, 
E. Neto, C.R. Soccol. 2017. Microbial ecology 
and starter culture technology in coffee 
processing. Crit. Rev. Food Sci. Nutr. 57(13). 
2775-2788.  

[10] Wang, Y., X. Wang, G. Hu, et al. 2023. 
Anaerobic germination of green coffee 
beans: A novel strategy to improve the 
quality of commercial Arabica coffee. Curr. 
Res. Food Sci. 6. 100461. 

[11] Molyneux, P. 2004 The use of stable free 
radical diphenylpicryhydrazyl (DPPH) for 
estimating antioxidant activity. J. Sci. 
Technol. 26(2). 211-219. 

[12] Mahatmanto, T., W.B. Sunarharum, F.A. 
Putri, et al. 2023. The microbiology of 
arabica and robusta coffee cherries: a 
comparative study of indigenous bacteria 
with presumptive impact on coffee quality. 
FEMS Microbiol. Lett. 370. fnad024. 



 Role of Nitric Oxide after High Intensity Exercise  
(Kinanti, et al.) 

70 

Relationship of Circulating Endothelial Cells, Endothelial Progenitor Cells, 
and Endothelial Dysfunction after High-Intensity Exercise:  

Role of Nitric Oxide 

Rias Gesang Kinanti1*, Djanggan Sargowo², Edi Widjajanto³, Muhaimin Rifa’i⁴ 

¹Department of Sport Science, Universitas Negeri Malang, Malang, Indonesia 
²Department of Cardiology, Universitas Brawijaya, Malang, Indonesia 

³Department of Pathology Clinic, Universitas Brawijaya, Malang, Indonesia 
⁴Department of Biology, Universitas Brawijaya, Malang, Indonesia 

Abstract 
Endothelial dysfunction after high-intensity exercise occurs through various mechanisms characterized by 
decreased nitric oxide (NO) bioavailability. This study aims to determine the relationship between circulating 
endothelial cells (CEC), endothelial progenitor cells (EPC), and endothelial dysfunction after high-intensity exercise 
through an experiment using male Wistar strain rats. This study uses the randomized control group posttest-only 
design. A total of 32 male Wistar rats aged 20-22 weeks with a body weight of 140±20 g were taken randomly and 
divided into two groups. Group 1 (n=16), the control group, was given low-intensity exercise. Meanwhile, group 2 
(n=16), named the treatment group, was given high-intensity exercise. The groups were run on a special treadmill 
where light-intensity exercise is done at a speed of 5-8 meters.minute-1 for 30 minutes and high intensity at 25-30 
meters.minute-1 for 30 minutes. The treatment was performed at 5 to 10 pm, 3 times weekly for 12 weeks. Blood 
and aortic tissue samples were taken after the mice were rested for 12 hours after the last exercise. ELISA and Flow 
cytometry measured NO, CEC, and EPC levels. This research showed that CEC and EPC expression and high-intensity 
exercise have a positive relationship, yet not significant to the occurrence of endothelial dysfunction (NO), with a 
value of Sig. (0.111); p > 0.05, and the relationship value is r = 0.414 (R²= 17.15%). In conclusion, endothelial 
dysfunction after high-intensity exercise is not associated with CEC and EPC expression, which indicates endothelial 
damage.   

Keywords: exercise, circulating endothelial cells, endothelial dysfunction, endothelial progenitor cells, nitric oxide 
 

Introduction*  
Endothelial cell integrity is one of the 

indicators and prerequisites for vascular health 
[1]. The endothelium responds to humoral, 
neural, and especially hemodynamic stimuli. It 
regulates several bodily functions, such as 
platelet function, inflammatory responses, 
vascular smooth muscle cell growth, and 
migration, as well as modulating vascular tone 
by synthesizing and releasing vasoactive 
substances [2]. When the endothelium is in a 
dysfunctional state—or termed endothelial 
dysfunction, characterized by reduced NO 
bioavailability—it is recognized as one of the 
preconditions of reversible and early 
atherosclerosis development. The pathogenesis 
of endothelial dysfunction is multifactorial. 
However, the cause of endothelial damage is 
mainly due to chronic exposure to risk factors 
that disturb the integrity of endothelial cells 
[3]. Endothelial dysfunction causes progressive 
pathophysiological changes as a response that 
occurs sequentially, namely activation, 

                                                           
* Correspondence Address:  
Rias Gesang Kinanti 
Email          : rias.gesang.fik@um.ac.id 
Address : University of Brawijaya, Veteran, Malang, 

Indonesia, 65145. 

dysfunction, and endothelial injury [4]. 
Endothelial dysfunction plays a significant role 
in initiating and progressing cardiovascular 
diseases such as atherosclerosis [5]. Endothelial 
injury can be caused by several stimuli, such as 
biochemical, immunologic, or hemodynamic 
[6]. Friction between the blood flow and the 
endothelial lining of the arterial lumen can 
cause a force which is called shear stress. The 
endothelial layer is sensitive to this, where 
excessively elevated endothelial shear stress 
(ESS) is associated with plaque susceptibility 
[5]. Disturbed flow can cause injury 
endothelium, and affect the integrity of the 
endothelium, by triggering injury or repair [7]. 

Exercise is known to affect endothelial 
dysfunction [8] positively. Regular exercise has 
a cardio protective effect and improves the 
body's health quality, especially in improving 
endothelial function [1]. Despite these benefits, 
data shows that coronary artery calcification 
and atherosclerotic plaques are more prevalent 
in athletes than non-athletes, and athletes have 
higher coronary artery calcification (CAC) 
values [9]. Sudden cardiac death (SCD) also 
happens to many athletes, which is mainly 
caused by coronary heart disease and 
myocardial infarction (6.10%), and more than 

mailto:rias.gesang.fik@um.ac.id
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70% are due to lumen occlusion [10]. Thus, 
high-intensity physical activity increases the risk 
of death from cardiovascular disease. Exercise 
with the intensity of 70-90% MHR (maximal 
heart rate) or physical activity 6-9 MET, such as 
running, cycling, aerobics, and tennis 
competitions [11]. 

In the status quo, Circulating Endothelial 
Cells (CEC) level measurement is believed to be 
able to show endothelial injury and damage 
[12]. CEC are mature cells detached from the 
intima layer in response to endothelial injury; It 
is a distinct cell population from endothelial 
progenitor cells (EPCs). Endothelial cells line the 
vascular intima, attached to the basement 
membrane. In a healthy condition, these cells 
remain in place; however, in pathological 
conditions where endothelial damage occurs, it 
can cause endothelial cells to be released into 
the bloodstream. While vascular damage 
happens, CEC will be released into the 
bloodstream, so CEC and EPC are diagnostic 
biomarkers of endothelial dysfunction. The 
CD146 and CD31 markers are the most 
commonly used markers to detect CEC 
specificity [13]. As unipotent cells, Endothelial 
progenitor cells (EPCs) are clonogenic and 
proliferative and can differentiate into mature 
endothelial cells to replace vascular 
endothelium that undergoes necrosis or 
apoptosis. In addition, EPCs play an essential 
role in the reendothelialization of damaged 
blood vessels [14] and contribute to clinically 
significant vascular repair [15]. EPCs are single-
nucleated cells with the marker molecule CD34, 
a glycoprotein that mediates stem cell 
attachment to the bone marrow extracellular 
matrix, and CD 133, a stem cell marker 
glycoprotein [16]. Measurement of CEC and 
EPC is vital for assessing endothelial injury and 
its repair [17]. Endothelial cell damage disrupts 
the balance between vasodilation and 
vasoconstriction, initiating several processes by 
decreasing NO production or activity [18]. 

The result of a previous study done by Sapp 
et al. [17] shows that acute exercise done at 
moderate and high intensity does not change 
the level of CEC in the body. On the other hand, 
according to Kourek et al. [19], who analyzed 
heart failure samples, high-intensity interval 
training (HIIT) increased the number of EPCs. 
This result is supported by the research done 
by Ribeiro et al. [20], where high-intensity 
acute aerobic exercise and high-intensity 
resistance exercise (80% VO2 max) are known 

to increase the number of EPC immediately 
after exercise. The EPC level peaked 6 hours 
after the exercise but decreased after 24 hours. 
Other studies have shown that moderate-
intensity exercise does not reduce NO, while 
high-intensity exercise reduces NO [21]. At the 
same time, the research of Souza et al. [14] 
proved that ten weeks of moderate to vigorous 
physical activity (MVPA) significantly increased 
the number of EPCs in healthy children and 
may be associated with increased NO levels. 
Lastly, according to Djindjić et al. [22], the 
relationship between CEC, EPC, and the 
occurrence of endothelial dysfunction after 
high-intensity exercise is still unclear. 

This study aims to determine the 
relationship between CEC, EPC, and the 
occurrence of endothelial dysfunction. Early 
detection of endothelial dysfunction after high-
intensity exercise has clinical significance, 
especially as an effort to prevent the 
development of endothelial dysfunction in the 
human body. 

MATERIALS AND METHODS  
Animals and training protocol 

All research procedures were approved by 
the Ethics Committee of Faculty Medicine, 
Universitas Brawijaya, Malang, Indonesia. This 
experiment used a randomized sample of 
twenty-weeks-old male Wistar rats divided into 
two groups. The first group, or the control 
group, was given low-intensity exercise with a 
running speed of 5-8 m.min-1. The second 
group, or the treatment, was given high-
intensity exercise (HIE) with a speed of 27-30 
m.min-1. All the rats used in this experiment are 
in good condition, proven by body conditioning 
score > 3 and weight of about 140–160 g. The 
rats were kept under the same condition in the 
Experimental Animal Center of the Faculty of 
Sport Science, Malang University. Every cage 
used has a partition so that it can hold two rats. 
The cages are conditioned with approximately 
24℃ room temperature, humidity maintained 
at 79%–86%, a regular light cycle (12:12 h of 
light and dark), and Br 1 standard feed with a 
dose of 40 g.day-1. The feeding is measured in 
order to achieve rats with normal body weight. 
The composition contains 20% crude protein, 
5% crude fat, a maximum of 3-5% crude fiber, 
1% calcium, 5% ash, 6% phosphor, and 3000 
kcal.kg-1 energy; tap water is freely accessible, 
and all experimental environments reached 
specific pathogen-free. 
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The rats were trained on a treadmill, 
consisting of 6 tracks, with a track length of 45 
cm, a track speed of 25-30 m.min-1, a shock 
voltage of 50 volts, a frequency of 3 Hz, for 12 
weeks intervention, 3 times a week and 45-60 
min each time. The treadmill inclination of each 
training group was 0. After the experiment, the 
rats were euthanized, whole blood was 
withdrawn from its heart. This study protocol 
has an ethical clearance from the Health 
Research Ethics Committee of medicine faculty 
Brawijaya University, Malang (No.153/EC/KEPK-
S3/06/2022, approved on 15 June 2022). 

Flowcytometry analysis 
Protein expression was isolated from blood 

and measured using Flowcytometry analysis. 
The measurement of the number of circulating 
endothelial cells (CEC); Cell surface marker 
(CD45-CD146). Antibody cell surface marker (a) 
Anti-Human CD45 FITC (Biolegend), (b) Anti-
Human CD146 PE (Biolegend). The 
measurement of the number of endothelial 
progenitor cells (EPC); Sel surface marker 
(CD34-CD133). Antibody cell surface marker (a) 
Anti-Human CD34 FITC (Biolegend), (b) Anti-
Human CD133 PE (Biolegend). 

Analysis of biochemical parameters 
NO was tested using the Enzymatic Assay 

Nitric Oxide (Nitrate/Nitrite) kit or Enzyme-
Linked Immunosorbent Assay (ELISA) kit, 
Bioassay Technology Laboratory, China. The 
test method is based on the measurement of 
the total sample of nitrite using the Griess 
Reagent. Prepared reagents: microplate, 
sample dilution buffer, standard nitrate, 
reductase nitrate. Buffer reductase nitrate, 
NADH, reagent A (sulfonamide in 3N HCl) and 
reagent B (N-(1-Naphthyl) ethylenediamine 
dihydrochloride in H2O). 

Statistical Analysis 
All data is processed using statistical 

evaluations, namely the normality and 
homogeneity test, followed by correlation 
analysis. The statistical significance value was 
set at p < 0.05. All data is processed using the 
SPSS software. 

RESULTS 
Change of EPC in the Peripheral Blood 
Mononuclear Cells (PBMC) 

We used Flowcytometry to detect the 
expression of EPC with marker CD 34 and CD 
133 in the PBMC of rats (Fig. 1). The results 
showed that high-intensity exercise did not 
significantly reduce EPC expression. It was 

indicated by the value of sig.2tailed (0.251) > 
0.05. However, from the mean value, it appears 
that there is a decrease of 6.625% in the 
number of EPCs (Fig. 2). 

 
 

 

Figure 1.  Flowcytometry analysis result of EPC 
measurement after high intensity (a) and low 
intensity exercise (b) 

 
Figure 2.  Effects of low intensity and high-intensity 

continuous training on EPC expression in rats. 
Rats Wistar were trained on the treadmill 
with low and high intensities for 12 weeks.  

Change of CEC in the Peripheral Blood 
Mononuclear Cells (PBMC) 

We used Flowcytometry to detect the 
expression of CEC with marker CD 146 and CD 
45 in the PBMC of rats. The data analysis shows 
that high-intensity exercise for 12 weeks 
increases the number of CEC, but the increase 
is insignificant. This relationship is shown by 
the value of sig.2tailed (0.325) > 0.05. However, 
from the mean value, there appears to be an 
increase in CEC number, as much as 5.874% 
(Fig. 3). 

(b) 

(a) 
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Figure 3.  CEC level after high intensity exercise (a) and 
low intensity exercise (b) using flowcytometry 

 
Figure 4.  Effects of high-intensity continuous training 

on CEC expression in rats. Wistar rats were 
trained on the treadmill with low-intensity 
and high-intensity exercise for 12 weeks. 
After training, the expression of CEC and CEC 
in PBMC were analyzed using Flowcytometry. 
CEC expression increased. 

Change of NO in the Peripheral Blood 
Mononuclear Cells (PBMC) 

Nitric Oxide (NO) is produced by endothelial 
cells, as the main mediator and marker for 
endothelial function, including NO metabolites 
(nitrate/nitrite). Based on the mean value, 
there is a difference in NO levels in each group. 
In the high-intensity exercise group, the NO 
levels were lower (61.7570 mol.L-1) than in the 
low-intensity exercise group (71.3295 mol.L-1). 

While high-intensity exercise affects decreasing 
NO levels, the decrease is insignificant. It is 
indicated by the value of Sig.2 tailed (0.160) > 
0.05 (Fig. 5). 

 
Figure 5.  Effects of high-intensity continuous training 

on NO in rats. Wistar rats were trained on the 
treadmill with low-intensity and high-
intensity exercise for 12 weeks. The level of 
NO decreased in high-intensity exercise with 
p > 0.05. 

Relationship between CEC, EPC and the 
Occurrence of Endothelial Dysfunction (NO) 
after Strenuous Exercise 

Based on the correlation test, this study 
uncovers the relationship of CEC and EPC 
expression on the occurrence of endothelial 
dysfunction (NO) after high-intensity exercise, 
with the value of Sig (2-tailed) (0.000), p <0.05. 
CEC and EPC expression is not significantly 
related to the occurrence of endothelial 
dysfunction (NO) after high-intensity exercise, 
with a value of Sig. (0.111) ; p > 0.05, and the 
relationship value is r = 0.414 (R²= 17.15%). The 
regression test results between the number of 
CEC and EPC after high-intensity exercise with 
the occurrence of endothelial dysfunction (NO) 
obtained an R² value of 17.15%. The remaining 
82.85% was caused by factors other than high-
intensity exercise (Fig. 6). 

 

Figure 6. Regression test after high intensity exercise 
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DISCUSSION  
The results show that high-intensity 

exercise does not significantly reduce EPC 
expression and does not increase CEC 
expression significantly. While the expression 
of CEC and EPC had a significant effect on the 
occurrence of endothelial dysfunction (NO), the 
expression of CEC and EPC was not significantly 
related to the occurrence of endothelial 
dysfunction (NO) after high-intensity exercise. 

Exercise is one example of the many 
physical stressors that can cause changes in the 
human body's regulation system. It activates 
the inflammation signal, increasing the number 
of leukocytes and induces the proinflammatory 
cytokines, namely IL-1 and TNF alpha. Exercise 
affects the hypothalamus-pituitary-adrenal 
axis, which regulates cortisol secretion as a 
stress hormone [23]. Prolonged endurance 
exercise promotes oxidative stress in humans 
[24]. Damage to the endothelial cell membrane 
and the integrity of the endothelial monolayer 
in response to high-intensity exercise stress is 
thought to affect decreased vascular function. 

By measuring peripheral blood CEC—a 
biomarker of endothelial damage or injury 
released from the monolayer—, this study can 
view impaired endothelial cell integrity, an 
essential marker of endothelial dysfunction. 
Exercise intensity plays an important role in 
changes in vascular excitability that affect 
endothelial function [17]. After the experiment, 
it was found that CEC levels increased slightly 
after 12 weeks of high-intensity exercise, 
indicating that there was no shedding of the 
endothelial monolayer during exercise. The 
number of CECs reflects the extent of 
endothelial injury, where high cell counts have 
been observed in diseases with extensive 
vascular damage. Elevated CEC counts are also 
associated with vascular damage to the blood. 
Increasing the number of CECs to predict or as 
a risk factor for future vascular disease events 
[25]. 

Endothelial cells can be activated by various 
stimuli, such as pro-inflammatory cytokines, 
growth factors, infectious agents, lipoproteins, 
or oxidative stress. Irreversible loss of 
endothelial lining integrity leads to endothelial 
cell release via apoptotic and necrotic 
mechanisms [26]. CEC level in the body reflects 
endothelial damage; exposure to risk factors 
can lead to endothelial cell release and 
increased levels of CEC in the blood. In in vitro 
studies, CEC significantly inhibited the 
proliferation, migration, and expression of 

eNOS in EPCs, possibly impairing vascular 
repair's functional capacity. An increase in EPC 
will offset a decrease in CEC; the decrease in 
EPC by CEC does not occur universally. 
Otherwise, the presence of vascular injury will 
never heal [8]. 

The mechanism of CEC detachment involves 
multiple factors, such as mechanical injury, 
changes in endothelial or sub endothelial 
cellular adhesion molecules, breakdown of 
bonds with matrix anchoring proteins, and cell 
apoptosis with decreased function of 
cytoskeletal proteins. The number of CECs is 
associated with conditions of endothelial 
dysfunction, as evidenced by the findings that 
there is an inverse relationship between CEC 
and NO [13]. This study's results differ from 
those of a study conducted by Sapp et al. [17], 
where the amount of CEC did not change after 
30 minutes of high-intensity interval acute 
exercise. It may be due to differences in the 
sample used and the duration of the 
intervention, where 12 weeks of training might 
have already built adaptation. 

In the EPC population, high-intensity 
exercise decreased CD34 or CD133 compared 
to the control group, but the decrease was 
insignificant. The EPC population plays the 
maintenance of endothelial integrity, where 
EPCs are exercise-responsive cells. Exercise has 
a significant role in the repair and maintenance 
of blood vessels through the mobilization of 
EPC cells; the clinical condition and exercise 
modality influence the degree of EPC 
mobilization, and the magnitude of EPC 
increases [15]. Decreased peripheral blood 
EPCs have been associated with endothelial 
dysfunction and high cardiovascular risk [27]. 

After 12 weeks of high-intensity exercise, 
NO levels decreased. Decreased NO synthesis 
and bioavailability are indicators of the 
development of endothelial dysfunction. NO, as 
a major factor of endothelial-dependent 
vasodilation, considered the most important 
marker of endothelial function, has a short half-
life. Hence, plasma levels of the oxidative 
degradation products of NO, namely nitrite 
(NO2-), nitrate (NO3-), and nitrosothiol, were 
used as indexes. Substitute for NO [5]. NO is a 
labile inert gas, has a short half-life of less than 
1 minute, and will react quickly with free 
radicals derived from oxygen, especially 
superoxide anion (O2-). NO acts locally and 
reacts immediately with water and oxygen to 
form nitrite and nitrate. NO is produced and 
degraded very dynamically in endothelial cells 
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[4]. Plasma levels of NO derivatives 
(nitrosyl/nitroso species) decrease in conditions 
of endothelial dysfunction [7].   

This study has proven that there is no 
relationship between the expression of CEC, 
EPC cells, and the occurrence of endothelial 
dysfunction (NO). This result might be caused 
by using different measuring instruments while 
calculating the CEC, EPC, and NO levels. 
Furthermore, the result may be caused by the 
length of the experiment, which was done 90 
days, where there is a possibility that the rats 
have grown adaptive to the high-intensity 
exercise. EPC stem cells originate from the 
bone marrow, regulated by the vascular 
endothelial growth factor receptor (VEGFR), 
enzymes, ligands, surface receptors, and blood 
flow. During high-intensity exercise, 
reperfusion ischemia occurs, which is the most 
potent stimulus and increases EPC expression 
[28]. Exercise can modify the expression of 
endothelial cells through a mechanical 
transduction system through increased shear 
stress on the endothelial surface, which distorts 
the monolayer cells. A stable rhythmic flow 
during exercise increases membrane instability 
to initiate the process of mitogen-activated 
protein kinase (MAPK) activation in cells [29]. 
EPC mobilization from bone marrow to 
circulation is influenced by eNOS activity and 
NO bioavailability. In this study, ROS production 
increased, the possibility of peroxynitrite also 
increased, and eNOS uncoupling occurred, 
thereby inhibiting the mobilization of EPC 
expression, ROS production increased, the 
possibility of increasing apoptotic/necrotic cells 
so that the number of CECs increases [26]. 

EPC mobilization after high-intensity 
exercise due to shear stress and ischemia/ 
hypoxia conditions. Shear stress appears to 
increase endothelial nitric oxide (NO) synthase 
activity and NO production, contributing to the 
increased number and activity of EPCs. 
Ischemia/hypoxia may be related to the 
upregulation of stromal cell-derived factor 1 
and vascular endothelial growth factor (VEGF), 
increasing the proliferative and migratory 
capacity of circulating EPCs [30]. Oscillatory 
shear stress leads to pro-inflammatory 
endothelial activation with increased monocyte 
adhesion and endothelial cell apoptosis. Injured 
endothelial cells release inflammatory 
mediators, causing a decrease in endothelial 
function [31], as evidenced by decreased NO 
levels. 

CONCLUSION  
In summary, this study proves a relationship 

between CEC, EPC, and the occurrence of 
endothelial dysfunction by measuring NO. 
Similar research must be done with better 
methods and the same measuring instrument. 
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Abstract 
Chronic inflammation can lead to several diseases that represent the leading causes of mortality worldwide. 
Conventional treatment of inflammation can carry some risks. Therefore, research on herbal medicine that are 
suspected of having anti-inflammatory effects, such as Piper betle L., is important. This study aims to investigate the 
effect of P. betle L. extract on nitric oxide as a pro-inflammatory mediator. The dried leaves of P. betle L. were 
extracted by ethanol. RAW 264.7 cells were treated with LPS and P. betle L. extract (PBE). Nitric oxide was measured 
by the Griess method. Antioxidant activity was determined using 2,2–Diphenyl-1-picrylhydrazyl (DPPH) method. 
Total flavonoids and phenolic content were also identified by aluminium chloride and Folin–Ciocalteu colorimetric 
assay, respectively. This study demonstrated that the PBE has excellent NO suppression activity with the IC50 
56.22±16.41 μg.mL-1, without cytotoxicity. PBE also has DPPH inhibitory concentration IC50 values of 279.67±11.36 
ppm. Interestingly, PBE has a flavonoid content of 50.17±3.14 mg QE.g-1 and phenolic content of 128.92±1.2 mg 
GAE.g-1. These compounds are thought to be responsible for its anti-inflammatory as well as antioxidant. This study 
proved that P. betle L. leaves extract could be used as a candidate for anti-inflammatory drugs. Nevertheless, 
further research about the biological activity mechanism and their bioactive compounds' purification is still 
required. 

Keywords: Inflammation, lipopolysaccharide, Macrophage, Nitric Oxide, Piper betle.   
 
INTRODUCTION1 

Inflammation is a natural process that 
occurs when the body's immune system 
responds to an irritant, such as an injury or 
infection. It is a key aspect of the body's 
immune defenses and plays a role in healing 
[1]. Although inflammation is a natural process 
that plays a role in healing, chronic 
inflammation can lead to several diseases that 
collectively represent the leading causes of 
disability and mortality worldwide. 
Inflammation may lead to chronic 
inflammation, which can contribute to the 
development of certain diseases, including 
autoimmune diseases like rheumatoid arthritis, 
cardiovascular diseases like high blood pressure 
and heart disease, gastrointestinal disorders 
like inflammatory bowel disease, lung diseases 
like asthma, mental illnesses like depression, 
metabolic syndrome, type 2 diabetes, cancer, 
arthritis, and bowel diseases like Crohn's 
disease and ulcerative colitis [2]. 

Nitric oxide (NO) is a signaling molecule that 
plays a key role in the pathogenesis of 
inflammation [3]. NO is synthesized and 
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released into the endothelial cells with the help 
of NOSs that convert arginine into citrulline 
producing. NO gives an anti-inflammatory 
effect under normal physiological conditions, 
but it is a pro-inflammatory mediator that 
induces inflammation due to overproduction in 
abnormal situations [3]. Nitric oxide may 
amplify inflammation by altering the balance 
and increasing the proliferation of Th2 
lymphocytes [4]. The heme oxygenase-
1/carbon monoxide pathway may mediate the 
protective role of localized nitric oxide 
production during inflammation [5]. Even in 
special conditions such as renal ischemia-
reperfusion, it has been shown that high iNOS 
and low eNOS levels are involved in increased 
inflammation [6]. Therapeutic strategies for 
inhibiting inducible nitric oxide synthase have 
the potential for a novel class of anti-
inflammatory [3]. 

Inflammation can be treated in several ways 
depending on the cause and severity. Some of 
these treatments include medication, lifestyle 
changes, and surgery. However, conventional 
treatment of inflammation can carry some 
risks, depending on the type of treatment and 
the individual's health status. Corticosteroids 
used to treat inflammation can cause side 
effects such as weight gain, high blood 
pressure, and increased risk of infection [7]. 
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Biologics used to treat inflammatory conditions 
can also increase the risk of infection and may 
cause allergic reactions. In addition to the risks 
associated with specific treatments, chronic 
inflammation is associated with several 
diseases, such as cardiovascular disease, 
cancer, Alzheimer's disease, obesity, diabetes, 
and infectious diseases [7]. Several studies have 
shown a positive association between 
increased intake of dietary antioxidants and 
reduced risk for chronic inflammatory diseases. 
Antioxidants help to counteract oxidative 
stress, neutralizing excess free radicals to 
protect cells, prevent illness, and reduce 
inflammation [8].  

Piper betle L. has been used for centuries in 
traditional medicine in South-East Asian 
countries to treat various health conditions due 
to its antioxidant properties [9]. The extract of 
P. betle L. leaves has been known to have anti-
inflammatory, immunomodulatory, and 
antioxidant effects [9-12]. The plant contains 
numerous phytochemicals, including alkaloids, 
tannins, glycosides, reducing sugars, and 
saponins, depending on its botanical origin and 
the solvent used for extraction [13]. Some 
phenylpropanoids isolated from P. betle L. have 
in vitro anti-inflammatory activities [14]. 
However, the anti-inflammatory mechanism of 
this plant, especially regarding the suppression 
of NO, has yet to be widely studied. Thus, this 
study aims to investigate the effect of P. betle L. 
extract on the nitric oxide produced by LPS-
induced RAW 264.7 cell lines. 

METHODS 
Plant material and extraction  

The dried leaves of P. betle L. were 
purchased from Balai Materia Medica, Batu, 
Malang, Indonesia. The dried leaves were 
extracted with 96% ethanol at a ratio of 1:10 
(w/v) for 24 hours according to the maceration 
procedure and repeated five times. The P. 
betle L. ethanol extracts (PBE) were filtered and 
evaporated by a rotary evaporator (Bunchi R-
114) at 60°C. It was diluted in DMSO for the 
following assay. 

RAW Cell Culture 264.7 and treatment  
The mouse macrophage cell line RAW 264.7 

was purchased from American Type Culture 
Collection (ATCC; United States). The cells were 
seeded in 24-well plates with a density of 2x105 
cells.well-1 and incubated for 24 hours in a 5% 
CO2 incubator at 37°C. The culture medium 
used was DMEM (D6429, Sigma Aldrich, Merck, 
German) enriched by 10 % fetal bovine serum 

(F2442, Sigma Aldrich, Merck, German) and 1 % 
penicillin (100 U.mL-1)/streptomycin (100 
µg.mL-1) (A5955, Sigma Aldrich, Merck, 
German). The cells were treated with or 
without 4 µg.mL-1 lipopolysaccharide (LPS; 
Sigma Aldrich, Merck, German) and the PBE 
(25, 50, 100 µg.mL-1) for 24 h.   

Determination of nitric oxide production  
The RAW 264.7 cells were treated with or 

without LPS and PBE at 37°C for 24 h. The 
nitrite levels in the culture medium were 
measured by Griess modified reagent from 
Sigma Aldrich (G4410). As much as 75 µL of the 
medium or sodium nitrite (NaNO2) as standard 
was reacted with 75 µL of Griess reagent in a 
96-well plate for 5 min at room temperature, 
and the microplate reader measured the 
absorbance at 571 nm. The experiment was 
repeated thrice with different passage number 
cells to determine NO inhibition's half-maximal 
inhibitory concentrations (IC50). 

Cell viability assessment 
After the NO assay, the RAW 164.7 cell 

culture medium was replaced with a new 
medium containing WST-1 reagent (Roche; 
11644807001). It was then incubated for 20 in a 
5% CO2 incubator at 37°C. After 20 min, 100 µL 
of media was transferred to a 96-well plate and 
then the absorbance at 450 nm was measured 
by a microplate reader. 

Free radical scavenging activity assay 
Antioxidant activity was determined using 

2,2–Diphenyl-1-picrylhydrazyl (DPPH) method. 
In 96-well plates, 100 L of PBE was mixed with 
100 L of 0.4 mM DPPH. After 30 min, 
absorbance was measured by microplate 
reader at 490 nm. Equation (1) was used to 
alter the proportion of inhibition of scavenging 
action. Using Equation (2), the IC50 value was 
determined from linear regression of the 
antioxidant chart. 

% scavenging of DPPH:
 Abs control −  Abs extract 

Abs control 
 𝑥 100% 

 (1) 
 
𝑌 = 𝑎𝑥 + 𝑏,𝑤ℎ𝑒𝑟𝑒 𝑌 = 50%;𝑋 = 𝐼𝐶50 𝑑𝑜𝑠𝑒     (2) 

 
Total flavonoids content 

The total flavonoid content (TFC) of P. betle 
L. was calculated using aluminium chloride 
(AlCl3) methods, with Quercetin as the 
standard. The 10 μL of AlCl3 (10% w/v) and 50 
μL of PBE or Quercetin were mixed, followed by 
150 μL of 96% ethanol. Then, 10 μL of 1M 
CH3COONa was added and incubated for 40 
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min at room temperature in the dark. A 
microplate reader was used to detect 
absorbance at 405 nm. The TFC was obtained 
by calculating the absorbance value extract 
with the standard curve equation (y= 0.0023x 
+ 0.0583, R2 = 0.9992) of 0–100 µg.mL-1 
Quercetin. The TFC was expressed in milligrams 
of quercetin equivalents (QE) per gram dry 
extract weight (QE.g-1). 

Total phenolic assay 
The total phenolic content (TPC) was 

identified using the Folin–Ciocalteu colorimetric 
assay with Gallic acid functioning as the 
standard. The 100 μL of PBE or Gallic acid was 
mixed with 1.0 mL of the Folin-Ciocalteu 
reagent. After 5 min, 1.0 mL of Na2CO3 (7.5% 
w/v) was added, then incubated for 90 min at 
room temperature in the dark. The total 
phenolic content was determined by a 
spectrophotometer at 725 nm. The TPC was 
obtained by calculating the absorbance value 
extract with the standard curve equation (y = 
0.0042x + 0.0246, R2 = 0.9974) of gallic acid 
(0–50 µg.mL-1). The TPC was expressed in 
milligrams of gallic acid equivalents per gram 
dry extract weight (GAE.g-1). 

Statistical Analysis 
The data presented in the figures and tables 

are representative of at least three 
independent experiments from different 
passages of the cell lines that yielded similar 
results. The values are presented as the means 
± standard deviation (SD). The differences were 
analyzed using Student’s t-test. The statistical 
significance was set at p < 0.05 and p < 0.01. 

RESULTS AND DISCUSSION  
Piper betle L. Leaves Extract Suppressed the 
NO Production in RAW 264.7 Cell Line 

We examined the effect of PBE on NO 
production in LPS-induced RAW 264.7 cells. 
This study demonstrated that PBE dose-
dependently suppressed the levels of NO 
production in LPS-induced RAW 264.7 cells (Fig. 
1). Furthermore, the half-maximal inhibitory 
concentrations (IC50) were determined to know 
the potency of PBE in inhibiting NO production. 
PBE demonstrated excellent NO suppression 
activity, with IC50 values 56.22±16.41 μg.mL-1. 
The previous study conducted on rats with 
arthritis supported these findings that showed 
the PBE was able to reduce inflammation in the 
rats by down-regulate the transcription of 
iNOS, which leads to the decreased generation 
of reactive nitrogen species [11]. Another study 

also found that the anti-inflammatory and anti-
arthritic activity of P. betle L. is attributable to 
its ability to down-regulate the generation of 
reactive nitrogen species [9]. It means that P. 
betle L. can be used as a candidate for anti-
inflammatory drugs with the specific target of 
inhibiting NO production during inflammation 
conditions. 

 

Figure 1.  Piper betle L. ethanol extract (PBE) 
suppresses nitric oxide (NO) production in 
LPS-induced RAW 264.7. The RAW 264.7 cells 
were treated with LPS and PBE for 24 h. The 
NO levels in the medium were measured in 
triplicate and are shown as a means ± 
standard deviation (SD). * P < 0.05 and ** P < 
0.01 versus LPS alone. 

Cell viability after PBE exposure 
The cell viability assessment was used to 

ensure that the reduction of NO by PBE was not 
caused by cell death. As shown in Figure 2, the 
number of viable cells after LPS and PBE 
exposure was more than 80% which means that 
the selected dose range of PBE in this study has 
no toxicity to RAW 264.7 cells. Previous studies 
used the brine shrimp lethality assay to 
evaluate the cytotoxic activity of the methanol, 
ethanol, and crude aqueous extracts of PBE.  
The study found that the methanol and ethanol 
extracts have cytotoxic effects on the brine 
shrimp at respectively doses 23.65 μg.mL-1 and 
85.50 μg.mL-1 [15]. It means that PBE was highly 
toxic (LC50 0-100 µg.mL-1) in shrimp.  

Nevertheless, the study conducted on rats 
has shown that PBE does not cause any explicit 
indication of toxicity, hepatotoxicity, 
nephrotoxicity, or any adverse side effects after 
administration of a highly potent dosage of 
1500 mg.kg-1 BW. It also does not exert any 
physical sign of toxicity, stress, or aversive 
behaviors on rats [16]. Another study found 
that PBE did not cause toxicity in Wistar rats 
[17]. Overall, the available studies, including 
this study, suggest that PBE is safe and does not 



J. Exp. Life Sci. Vol. 13 No. 2, 2023 
ISSN. 2087-2852 

E-ISSN. 2338-1655 

P. betle Leaves Extract to Reduce NO Production  
(Dwijayanti, et al.) 

   

81 

cause any significant toxicity at the 
recommended doses. Thus, PBE is suspected to 
be effective and safe as an anti-inflammatory 
drug candidate. 

 

Figure 2.  The viability of cells after LPS and PBE 
exposure was assessed by WST-1 assay. The 
RAW 264.7 cells were treated with LPS 
and/or PBE for 24 h. The concentration of 0 
µg.mL-1 (LPS alone group) was set to have 
100% viable cells. The number of viable cells 
in the other groups was compared to the LPS 
alone group. 

DPPH radical scavenging activity of PBE 
Furthermore, we examined the DPPH 

radical scavenging activity of PBE to find out the 
radical-scavenging activity of PBE. DPPH-H has a 
lower absorbance than DPPH because of the 
lower amount of hydrogen. Thus, the color of 
the DPPH reagent changed from purple to 
yellow. Figure 3 shows the DPPH radical 
scavenging activity of the PBE—the percentage 
inhibition of free radicals by PBE due to 
hydrogen donation from the antioxidant. PBE 
has DPPH inhibitory concentration IC50 values 
of 279.67 ± 11.36 ppm (Table 1). This DPPH 
radical scavenging activity supported previous 
research about the antioxidant activity of PBE. 
Several studies proved that the leaves of P. 
betle L. have been shown to have a higher 
amount of antioxidant activity, and the ethanol 
and methanolic extracts of the leaves have 
been shown to have significant antioxidant 
activity [17,18].   

Table 1. Total flavonoid and Total phenolic of PBE 

Assay Value 

DPPH (ppm) 279.67 ± 11.36 

TFC (mgQE.g-1)   50.17 ±   3.14 

TPC (mgGAE.g-1) 128.92 ±   1.20 

Notes: The data were expressed as mean ± standard 
deviation (n = 3). DPPH: 2,2–Diphenyl-1-picrylhydrazyl, 
TFC: Total Flavonoid Content, TPC: Total Phenolic 
Content. 

 

Figure 3.  DPPH radical scavenging activity of PBE. The 
IC50 value was determined from linear 
regression of the antioxidant chart. 

Total Flavonoid and Phenolic Content of PBE 
Table 1 shows that PBE has a flavonoid 

content of 50.17 ± 3.14 mg QE.g-1 and phenolic 
content of 128.92±1.2 mg GAE.g-1. The result of 
this study about TFC and TPC of PBE was 
supported by another study about P. 
betle L.  Piper betle L. is a medicinal plant that 
contains a large number of bioactive 
compounds, such as tannins, flavonoids 
(Quercetin), eugenol, hydroxychavicol, 
chavibetol, chavicol, allylpyrocatechol, and 
cadinene [12,17,19,20]. The leaves of P. betle L. 
contain hydroxychavicol, eugenol, and gallic 
acid, which are highly bioactive compounds 
[12,21]. Twelve phenolic compounds were 
identified in P. betle L. leaves, including six 
flavonoid derivatives. Hydroxychavicol was the 
major compound in both aqueous and ethanol 
extracts, but the aqueous extract presented a 
greater diversity of compounds. The study also 
found that both extracts showed intense 
activity against both acetyl- and 
butyrylcholinesterase, which can be due, at 
least partially, to the phenolic composition [22]. 

Phenol, polyphenol, and tannin are 
compounds found in plants that have been 
found to suppress nitric oxide [12,17]. Phenolic 
compounds from herbal medicine have long 
been believed to have the potential to inhibit 
nitric oxide production [23]. Another study also 
found that polyphenols exert beneficial effects 
against vascular diseases by restoring the 
impairment of nitric oxide production [24]. To 
summarize, this study suggests that the phenol, 
polyphenol, and tannin content of PBE may be 
responsible for its anti-inflammatory and 
antioxidant effects through NO suppression 
activity. 

CONCLUSION 
This study demonstrated that the leaves of 

P. betle L. have excellent NO suppression 
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activity without showing any cytotoxicity to the 
LPS-induced RAW 264.7 cell line. This NO 
suppression activity may be associated with its 
antioxidant activity since this plant also showed 
DPPH radical scavenging activity. The active 
compounds from P. betle L., especially phenolic 
compounds and flavonoids, are thought to be 
responsible for their antioxidant and anti-
inflammatory activity. Although P. Betle L. 
leaves extract can be used as a candidate for 
anti-inflammatory drugs, further research 
about the detailed mechanism of biological 
activity and purification of bioactive 
compounds is still required. 

REFERENCES 
[1] InformedHealth.org. 2018. What is an 

inflammation? Cologne, Germany: 
Institute for Quality and Efficiency in 
Health Care (IQWiG). Available at: 
https://www.ncbi.nlm.nih.gov/books/NBK
279298/. 

[2] Furman, D., J. Campisi, E.  Verdin, P. 
Carrera-Bastos, S. Targ, C. Franceschi, et 
al. 2019. Chronic inflammation in the 
etiology of disease across the life span. 
Nat. Med. 25. 1822–1832. DOI: 
10.1038/s41591-019-0675-0. 

[3] Sharma, J.N., A. Al-Omran, S.S. Parvathy. 
2007. Role of nitric oxide in inflammatory 
diseases. Inflammopharmacology. 15. 
252–259. DOI: 10.1007/s10787-007-0013-
x. 

[4] Zamora, R., Y. Vodovotz, T.R. Billiar. 2000. 
Inducible nitric oxide synthase and 
inflammatory diseases. Mol. Med. 6. 347–
373. DOI: 10.1007/BF03401781. 

[5] Iwata, M., T. Inoue, Y. Asai, K. Hori, M. 
Fujiwara, S. Matsuo, et al. 2020. The 
protective role of localized nitric oxide 
production during inflammation may be 
mediated by the heme oxygenase-
1/carbon monoxide pathway. Biochem. 
Biophys. Rep. 23. 100790. DOI: 10.1016/ 
j.bbrep.2020.100790. 

[6] Papi, S., F. Ahmadizar, A. Hasanvand. 
2019. The role of nitric oxide in 
inflammation and oxidative stress. 
Immunopathol. Persa. 5(1).e08. DOI: 
10.15171/ipp.2019.08. 

[7] Damião, A.O.M.C., M.F.C. de Azevedo, 
A.S. Carlos, M.Y. Wada, T.V.M. Silva, F.C. 
Feitosa. 2019. Conventional therapy for 
moderate to severe inflammatory bowel 
disease: A systematic literature review. 

World J. Gastroenterol. 25(9). 1142-1157. 
DOI: 10.3748/wjg.v25.i9.1142. 

[8] Roy, A., S. Das, I. Chatterjee, S. Roy, R. 
Chakraborty. 2022. Anti-inflammatory 
effects of different dietary antioxidants. 
In: Ekiert, H.M., K.G. Ramawat, J. Arora 
(Eds). Plant Antioxidants and Health. 
Reference Series in Phytochemistry. 
Springer, Cham. DOI: 10.1007/978-3-030-
78160-6_20. 

[9] Seo, J., U. Lee, S. Seo, A.A. Wibowo, O.B. 
Pongtuluran, K. Lee, S.B. Han, S. Cho. 
2022. Anti-inflammatory and antioxidant 
activities of methanol extract of Piper 
betle Linn. (Piper betle L.) leaves and 
stems by inhibiting NF-κB/MAPK/Nrf2 
signaling pathways in RAW 264.7 
macrophages. Biomed.  Pharmacother. 
155. 113734. DOI: 10.1016/j.biopha.2022. 
113734. 

[10] Alam, B., F. Akter, N. Parvin, P.R. Sharmin, 
S. Akter, J. Chowdhury, et al. 2013. 
Antioxidant, analgesic and anti-
inflammatory activities of the methanolic 
extract of Piper betle leaves. Avicenna J. 
Phytomed. 3(2). 112-125. 

[11] Ganguly, S., S. Mula, S. Chattopadhyay, M. 
Chatterjee, 2007. An ethanol extract of 
Piper betle Linn. mediates its anti-
inflammatory activity via down-regulation 
of nitric oxide. J. Pharm. Pharmacol. 59(5). 
711-8. DOI: 10.1211/jpp.59.5.0012. 

[12] Aara, A., V. Chappidi, M.N. Ramadas. 
2020. Antioxidant activity of eugenol in 
Piper betle leaf extract. J. Fam. Med. Prim. 
Care. 9(1). 327-331. DOI: 10.4103/jfmpc. 
jfmpc_809_19. 

[13] Nayaka, N.M.D.M.W., M.M.V. Sasadara, 
D.A. Sanjaya, P.E.S.K. Yuda, N.L.K.A.A. 
Dewi, E. Cahyaningsih, Hartati, R. 2021. 
Piper betle (L): recent review of 
antibacterial and antifungal properties, 
safety profiles, and commercial 
applications. Molecules. 26(8). 2321. DOI: 
10.3390/molecules26082321. 

[14] Williams, L.A.D., E.A. Vasquez, P.P. Milan, 

C. Zebitz, W. Kraus. 2002. In Vitro anti-

inflammatory and antimicrobial activities 

of phenylpropanoids from Piper betle L. 

(Piperaceae). In: Rauter, A.P., F.B. Palma, 

J. Justino, M.E. Araújo, S.P. dos Santos 

(Eds). Natural Products in the New 

Millennium: Prospects and Industrial 

Application. Proc. Phytochem. Soc. Eur. 

47. DOI: 10.1007/978-94-015-9876-7_22. 

https://doi.org/10.1016/j.biopha.2022.113734
https://doi.org/10.1016/j.biopha.2022.113734
https://doi.org/10.3390/molecules26082321


J. Exp. Life Sci. Vol. 13 No. 2, 2023 
ISSN. 2087-2852 

E-ISSN. 2338-1655 

P. betle Leaves Extract to Reduce NO Production  
(Dwijayanti, et al.) 

   

83 

[15] Del Socorro, M.M.L., C.P. Bendoy, C.M.L. 
Dacayana. 2014. Cytotoxic effects of betel 
vine, Piper betle Linn. leaf extracts using 
Artemia salina leach (Brine shrimp 
lethality assay). J. Multidiscip. Stud. 3(1). 
100-111. DOI: 10.7828/jmds.v3i1.629. 

[16] Azahar, N.I., N.M. Mokhtar, M.A. Arifin, 
2020. Piper betle: a review on its bioactive 
compounds, pharmacological properties, 
and extraction process. IOP Conf. Ser.: 
Mater. Sci. Engin. 991. 012044. DOI: 
10.1088/1757-899X/991/1/012044. 

[17] Saravanan, R., P.N. Rajendra, K.V. 
Pugalendi. 2003. Effect of Piper betle leaf 
extract on alcoholic toxicity in the rat 
brain. J. Med. Food. 6(3). 261-265. DOI: 
10.1089/10966200360716689. 

[18] Dasgupta, N., B. De. 2004. Antioxidant 
activity of Piper betle L. leaf extract in 
vitro. Food Chem. 88(2). 219-224.  

[19] Ghosh, K., T.K. Bhattacharya. 2005. 
Chemical constituents of Piper betle Linn. 
(Piperaceae) roots. Molecules. 10(7). 798-
802. DOI: 10.3390/10070798. 

[20] Shah, S.K., G. Garg, Jhade, Deenanath, N. 
Patel. 2016. Piper betle: Phytochemical, 
pharmacological and nutritional value in 
health management. Int. J. Pharm. Sci. 
Rev. Res. 38. 181-189. 

[21] Nguyen, L.T.T., T.T. Nguyen, H.N. Nguyen, 
Q.T.P. Bui. 2020. Simultaneous 
determination of active compounds in 
Piper betle Linn. leaf extract and effect of 
extracting solvents on bioactivity. Eng. 
Rep. 2(10). e12246. DOI: 10.1002/eng2. 
12246. 

[22] Ferreres, F., A.P. Oliveira, A. Gil-Izquierdo, 
P. Valentão, P.B. Andrade. 2014. Piper 
betle leaves: profiling phenolic 
compounds by HPLC/DAD-ESI/MS(n) and 
anti-cholinesterase activity. Phytochem. 
Anal. 25(5). 453-460. DOI: 10.1002/pca. 
2515. 

[23] Conforti, F., F. Menichini. 2011. Phenolic 
compounds from plants as nitric oxide 
production inhibitors. Curr. Med. Chem. 
18(8). 1137-1145. DOI: 10.2174/09298671 
1795029690. 

[24] Forte, M., V. Conti, A. Damato, M. 
Ambrosio, A.A. Puca, S. Sciarretta, et al. 
2016. Targeting nitric oxide with natural 
derived compounds as a therapeutic 
strategy in vascular diseases. Oxid. Med. 
Cell. Longev. 2016. 7364138. DOI: 
10.1155/2016/7364138. 

 

http://dx.doi.org/10.7828/jmds.v3i1.629


J. Exp. Life Sci. Vol. 13 No. 2, 2023 
ISSN. 2087-2852 

E-ISSN. 2338-1655 

 The Effect of Galangal Extract on Spermatozoa Quality of Bali Bull  
(Putri, et al.) 

   
 

84 

The Effect of Alpinia Purpurata K. Schum Rhizome Extract 
Supplementation in Tris-Egg Yolk Extender on the Quality of 

Cryopreserved Bali Bull Sperm 

Firlina Laila Putri1, Sri Rahayu2*, Agung Pramana Warih Marhendra3 

1Master Program of Biology, Faculty of Mathematics and Natural Sciences, University of Brawijaya, Malang, 
Indonesia 

2,3Department of Biology, Faculty of Mathematics and Natural Sciences, University of Brawijaya, Malang, 
Indonesia 

 

Abstract 
This study aimed to analyze the effect of Alpinia purpurata K. Schum rhizome extract (APRE) supplementation into 
tris-egg yolk extender on the sperm quality of Bali bull after freezing. This study used experimental method with a 
completely randomized design (CRD), consisting of five treatments, denoted as P0 (semen diluted using 100% Tris-
Egg Yolk (TEY)), P1 (semen diluted using 98% TEY and 2% APRE), P2 (semen diluted using 96% TEY extender + 4% 
APRE), P3 (semen diluted using 94% TEY + 6% APRE), and P4 (semen diluted using 92% TEY + 8% APRE). Semen 
quality was assessed both before and after freezing, using several indicators such as motility, viability, and 
abnormality of sperm. The antioxidant activity of RGE was determined using the DPPH (1,1-diphenils-2-
picrylhydrazils) technique. The data were analyzed using ANOVA with further analysis using post hoc tests in the 
SPSS 25 program. The results showed that APRE has strong antioxidant activity, with an IC50 value 38.004 μg.mL-1. 
Meanwhile, this research has shown that the addition of 6% RGE in the tris-Tris-egg yolk extender was able to 
maintain sperm quality before and after freezing. 

Keywords: Alpinia purpurata K. Schum, sperm quality, tris-egg yolk.  

INTRODUCTION 
The increasing demand for animal protein 

in Indonesia can be handled by increasing the 
number of livestock populations, including the 
Bali bull, because it is a good type of beef 
cattle, with a carcass percentage of around 
51.22% [1]. It needs to be preserved as an 
Indonesian germplasm, as claimed by the 
Decree of the Minister of Agriculture No. 
325/Kpts/OT.140/1/2010.   

Artificial insemination (AI) is widely known 
as an effective method in reproductive 
biotechnology that could improve genetic 
quality and livestock populations. 
Cryopreservation of sperm is an essential 
technique in Artificial Insemination (AI). 
Cryopreservation is advantageous because 
sperm can be stored longer in liquid nitrogen 
[2]. However, the freezing and thawing process 
could damage the sperm cells, which leads to 
reduced quality [3]. 

During the cryopreservation process, it can 
cause a decrease in semen quality, including a 
decrease in the percentage of motility, viability 
and an increase in the percentage of 
spermatozoa abnormalities. During the semen 
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dilution process, extreme changes in 
osmolarity occur due to the diluent used and 
cold shock to spermatozoa during the freezing 
process due to a drastic temperature drop 
below the freezing point of water [4]. When 
frozen semen is to be used, it is thawed again, 
where there is a drastic change in temperature 
from below 0 to 37°C. Extreme changes in 
temperature and osmolarity cause an increase 
in the metabolic activity of spermatozoa [5]. 

During the semen storage process, a 
diluent is needed, which contains energy for 
spermatozoa and protects spermatozoa so 
they survive during storage. One type of 
diluent that can be used by tris-egg yolk 
because the lipoprotein and lecithin content in 
egg yolk spermatozoa from cold shock, tris 
aminomethane functions as a buffer, raffinose 
and lactose as energy sources, and penicillin 
and streptomycin as antibiotics [6]. Tris-egg 
yolk extender can better maintain 
spermatozoa motility in sapera goats than skim 
milk [7]. 

The addition of plant-based ingredients 
containing antioxidants to semen diluent can 
maintain semen quality by reducing damage 
caused by free radicals. Red galangal rhizome 
(Alpinia purpurata K. Schum) is one of the 
vegetable ingredients that can be utilized 
because it contains high levels of antioxidants 
in the form of phenolic and flavonoid 
compounds [8]. The antioxidant activity of red 
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galangal comes from quercetin, kaemferol, and 
galangin [9]. The red galangal extract's 
antioxidant activity is tested using the DPPH 
spectrophotometer method. It showed an IC50 

value of 62.89 μg.mL-1, indicating that red 
galangal extract has relatively strong 
antioxidant activity [10].  

The content of flavonoids as antioxidants 
has been shown to reduce the effects of free 
radicals. The flavonoid content of peeling 
dragon fruits added to tris- egg yolk extender 
functions as an antioxidant to counteract free 
radicals. So, it can maintain the quality of 
ettawah crossbred ram frozen semen [11]. The 
antioxidant activity of flavonoid compounds 
contained in the n-hexane fraction of red 
galangal ethanol extract (FHEERL) can be 
affected the quality of spermatozoa by 
preventing excess activity of reactive oxygen 
species (ROS) produced through oxidative 
stress [12]. Based on previous research, it is 
necessary to carry out related research with 
the aimed to analyze the effect of Alpinia 
purpurata K. Schum rhizome extract (APRE) 
supplementation into tris-egg yolk extender on 
the sperm quality of Bali bull after freezing. 

MATERIAL AND METHOD 
Alpinia Purpurata Rhizome Ethanol Extract 
(APRE) Preparation 

The simplicia powder of Alpinia Purpurata 
K. Schum Rhizome was obtained from UPT 
Herbal Laboratory of Materia Medica, Batu, 
East Java. The extraction process was 
performed at the Biochemical Laboratory of 
the Department of Chemistry, Brawijaya 
University. Simplicia powder was extracted 
with 70% ethanol at 25°C for three days. The 
solution was filtered using filter paper 
(Whatman no. 3), and the macerate formed 
was separated. Macerate was evaporated 
using a rotary evaporator at 60°C. The APRE 
was stored at 5°C until used [13].  

DPPH Analysis of Alpinia purpurata Rhizome 
Extract 

The DPPH (2,2-diphenil-1-picrylhydrazil) 
analysis was used to assess the antioxidant 
activity of APRE. The APRE was diluted using 
ethanol 70% at 10, 20, 30, 40 and 50 ppm. 
Afterward, 0.5, 1, 1.5, 2, and 2.5 mL of each 
solution were combined with 4.5, 4, 3.5, 3, and 
2.5 mL of DPPH. The solution was incubated in 
a dark room for 30 minutes. Therefore, the 
sample was examined using a 
spectrophotometer with a wavelength of 517 
nm [14].  

The effect DPPH scavenging was calculated 
by the formula [15]:  

%inhibition =
blank absorbance − material absorbance

blank absorbance
 x 100 

 

The IC50 value of the sample APRE is calculated 
from the linear regression curve between % 
absorption inhibition (y) to the concentration 
of the extract or the solution test (x), using the 
following formula:  

IC50 =
50 − a

b
 

 

Description:  
a = a constant 
b = the coefficient of X 

Tris -Egg Yolk Preparation 
Tris-Egg Yolk extender was made by mixing 

20% egg yolk in 2.5% raffinose solution, 0.9% 
citric acid, 1.6% tris aminomethane, 1.4% 
lactose, and 80% aquabides. Then followed by 
giving penicillin and streptomycin antibiotics 
[16].  

Bali Bull Semen Collection 
Bali bull semen was collected at National 

Artificial Insemination, Singosari, Malang. It is 
collected once a week using an artificial vagina 
(AV). Ejaculate was evaluated both 
macroscopically (volume, color, pH, and 
consistency of semen) and microscopically 
(concentration, motility, viability, and 
abnormalities of spermatozoa).   

Adding of Semen Extender 
Ejaculation that passed the macroscopic and 

microscopic test was continued by diluting 
using a tris-egg yolk (TEY) extender added with 
APRE, based on research [17], with different 
extracts used and the addition of extract 
percentages. There were five treatments such 
as P0 (100% TEY + 0% APRE), P1 (98% TEY + 2% 
APRE), P2 (96% TEY + 4% APRE), P3 (94% TEY + 
6% APRE), and P4 (92% TEY + 8% APRE).  

Liquid Semen Quality Test (Before Freezing) 
Treatment semen was cooled in a cool top 

with temperatures ranging from 4-5°C for 2-3 
hours. Then, a liquid semen test or BF (Before 
Freezing) was carried out by dripping semen on 
a glass object and observing. It used a 
microscope with a magnification of 400x. After 
that, the percentage of motility, viability, and 
abnormalities of spermatozoa were measured 
[16].  

 



J. Exp. Life Sci. Vol. 13 No. 2, 2023 
ISSN. 2087-2852 

E-ISSN. 2338-1655 

 The Effect of Galangal Extract on Spermatozoa Quality of Bali Bull  
(Putri, et al.) 

   
 

86 

Semen Freezing 
The 0.25 mL of semen was filled into the 

straw with a concentration of 25 million 
spermatozoa. The straw was closed by 
attaching the straw using heating tweezers. 
Semen is frozen in two stages. The first was 
pre-freezing, which involved reducing the 
temperature from 4-5°C to -140°C by inserting 
straws filled with semen into the cool digits for 
7 minutes. The second was the freezing 
process. It was to put the straw into a container 
containing liquid N2 at a temperature of -196°C 
[16]. 

Sperm Quality Analysis 
Sperm quality was assessed both before and 

after freezing. Sperm motility was observed 
using a microscope at 400x magnification. The 
sperm viability and abnormalities were 
examined under 400x magnifications using an 
eosin eosin-negrosin staining procedure.   

Experimental Design and Data Analysis 
This study employed an experimental 

method with a Completely Randomized Design 
(CRD). There were five treatments with five 
replications each. The research data obtained 
were statistically processed by one-way 
analysis of variance (ANOVA). If the ANOVA test 
shows a significant difference, it will be 
continued with a Tukey post hoc test using SPSS 
25 software. 

RESULT AND DISCUSSION  
DPPH of Alpinia purpurata Rhizome Extract 

Based on the results of the antioxidant 
activity test of A. purpurata rhizome extract 
using the DPPH method, it was found that the 
percentage inhibition value of A. purpurata 
rhizome extract samples increased as the 
concentration of the extract increased (Fig. 1). 

 
Figure 1.  Antioxidant activity curve of A. purpurata 

rhizome extract 

Based on the results of research [18], it was 
concluded that the percentage of antioxidant 
inhibition contained in red galangal (Alpinia 
purpurata) rhizome extract increased according 
to the increase in the extract concentration. 

Following the regression curve equation 
obtained, the IC50 value of A. purpurata 
rhizome extract was 38.004 μg.mL-1. This value 
indicates that the antioxidant activity of A. 
purpurata rhizome was very strong (IC50<50 
μg.mL-1). In accordance with the opinion of [19] 
that antioxidants that produce IC50 values < 50 
μg.mL-1, the antioxidant activity of the samples 
was classified as very strong. 

Fresh Semen Quality of Bali Bull  
The assessment of fresh semen quality was 

conducted through two approaches, those 
were macroscopic and microscopic evaluations. 
Macroscopic assessment involved the 
examination of the volume, pH, color, and 
consistency of semen. Meanwhile, microscopic 
evaluation involved calculating the percentage 
of spermatozoa motility, viability, and 
abnormalities. The average yield data from 
testing the quality of fresh semen for Bali bull is 
shown in Table 1.  

Table 1.  Average macroscopic and microscopic 
observations of fresh semen of Bali bull 

Table 1 showed that the average volume of 
fresh semen for Bali bull was 5.48 ± 1.81 mL. 
The differences in the volume of semen each 
ejaculate were affected by age. Bali bull used as 
samples were more than 12 years old. So, 
semen production was low because the 
average volume of semen produced by adult 
bulls was 6.73 mL [20]. Bull semen production 
begins to increase at two years. It continues to 
increase until eight years, due to the growth of 
the testes, so that the seminiferous tubules 
become longer and the diameter of the lumen 
increases, followed by the development of the 
accessory gland and the resulting accessory 
fluid increases, thereby affecting the volume of 
semen [21]. However, in old bulls, testicular 
function declines. Thus, the volume of semen 
produced decreases [22]. 

The mean value of the degree of acidity 
(pH) of Bali bull ejaculate is 6.52 ± 0.11. These 
results aligned with a previous study [23] that 
bovine semen has a pH ranging from 6.2 to 7.8. 
According to Sunami and Wahjuningsih [24], pH 

Parameter Mean ± SD 

Volume (mL) 5.48 ± 1.81 
pH 6.52 ± 0.11 
Color Milk white (ps) 
Consistency Concentrated (p) 
Concentration (million.mL-1) 1671 ± 8.60 
Individual Motility (%) 74,28 ± 1,4 
Viability (%) 85.80 ± 0.50 
Abnormality (%) 6.90 ± 1.71 
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is related to the concentration of spermatozoa. 
High concentrations of spermatozoa have an 
impact on the pH of semen, which tends to 
become acidic due to the increasing number of 
spermatozoa, the accumulation of lactic acid 
resulting from cell metabolism, specifically the 
breakdown of fructose which is used as energy 
by spermatozoa. 

On average, the semen of Bali bull was 
milky white (ps). These results are one hand, 
with the opinion of Feradis [25] that the 
average bull semen was milky white or cream 
due to the influence of the presence of 
riboflavin secreted by the vesicular glands. The 
color of semen was related to the 
concentration of semen; semen was milky 
white or cream, indicating that the semen 
concentration was high [26]. It can be seen 
from the observation that the semen of the Bali 
bull was milky white (ps) and had an average 
concentration of 1671x10ˆ6 spermatozoa.mL-1, 
classified as high-concentration semen. 

In addition, the concentration was also 
related to the consistency of the semen. Semen 
with a >1500 x 10ˆ6 spermatozoa.mL-1 
concentration shows a thick consistency. It was 
the same opinion of Suyadi et al. [27] that 
consistency was related to color and semen 
concentration. Semen with a thick consistency 
and cream or milky white (ps) color has a 
higher concentration than semen with a 
thinner consistency and a more apparent color. 

The mean percentage of motility in the 
fresh semen samples of the Bali bull examined 
was 74.28 ± 1.4%. It means that semen is 
suitable for further processing. According to 
regulations [28], the minimum motility for fresh 
semen of a bull is 70%. Normal spermatozoa 
motility ranges from 70-90% with fast 
movement [29]. Spermatozoa move because of 
the role of the spermatozoa tail, due to the tail 
of the spermatozoa containing many 
mitochondria that act as energy producers in 
the form of ATP so that spermatozoa move 
forward [30]. Sperm motility of ejaculate had 
been affected by the temperature at the time 
of storage and during examination. Low 
temperatures will inhibit spermatozoa motility, 
while higher and optimal temperatures of 37°C 
will increase spermatozoa motility. Urine and 
feces contaminated semen when it was 
collected.   

The mean viability percentage of the 
ejaculate examined for Bali bull was 85.80 ± 
0.50%. These results indicated that the 
viability of Bali bull spermatozoa was relatively 

high and belonged to the good category. It is 
feasible to process frozen semen. Based on 
the statement of Ducha et al. [31], the 
requirements for ejaculation were good and 
can be processed to the next stage for 
freezing. It was semen, a percentage of live 
spermatozoa >70%. 

The abnormal percentage of Bali bull 
semen examined was 6.90 ± 1.71%. This value 
was relatively low compared to research [32], 
it was found that the percentage of abnormal 
ongole bull ejaculate was 12%. In addition, 
according to the Indonesian National Standard 
(SNI) requires that the semen of bull that is 
classified as good has a percentage value of 
both primary and secondary abnormalities 
that is < 20% [28]. This was based on the 
statement [33], that males with an 
abnormality percentage of > 17% showed low 
fertility. 

Motility Percentage of Before Freezing and 
Post Thawing 

The average percentage of spermatozoa 
motility after dilution using a tris-egg yolk 
(TEY) extender with the addition of A. 
purpurata rhizome extract (APRE) with 
different percentages according to treatment 
was shown in Table 2. Decreasing motility 
percentage before freezing was influenced by 
the cooling process at 45°C, causing a 
decrease in the phospholipid content, which 
protects spermatozoa from cold shock [34]. In 
addition, temperature changes caused an 
increase in the metabolic activity of 
spermatozoa, and accumulation of lactic acid, 
thus causing a decrease in pH and conditions 
becoming increasingly acidic, which are toxic 
to spermatozoa, causing the function of cell 
organelles to decrease, so that the percentage 
of motility also decreases [35]. 

Table 2.  Average percentage of motility before 
freezing and post thawing  

Treatment 
Mean motility ± SD (%) 

Before freezing Post thawing 

P0  56.00 ± 4.18ab 41.20 ± 2.28b 

P1 55.00 ± 5.00ab 39.00 ± 1.87ab 

P2 56.00 ± 4.18ab 39.60 ± 3.21ab 

P3 60.00 ± 5.00b 41.60 ± 3.21b 

P4 47.00 ± 6.71a 34.80 ± 4.55a 

Notes: Different superscript letters in the same column 
indicate a significant difference (P <0.05) between 
treatments. (P0) Control, (P1) treatment 98% TEY + 2% 

APRE, (P2) treatment 96% TEY + 4% APRE, (P3) 

treatment 94% TEY + 6% APRE, (P4) treatment 92% TEY 

+ 8% APRE. 
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However, semen can be processed to the 
freezing stage because the minimum 
requirement for before-freezing motility was 
55% [36]. The diluent content of egg yolk 
played a role in maintaining the motility before 
freezing. Lipoprotein and lecithin content in 
egg yolk protect spermatozoa from cold shock 
[37]. Rafinosa serves as an energy source for 
spermatozoa [38]. 

The motility percentage increased from 
treatment P0 to P3 but decreased in treatment 
P4. It happened because adding the extract to 
the diluent with an excessive percentage 
harmed the spermatozoa. Antioxidants in 
spermatozoa have been excess, causing 
spermatozoa can not receive antioxidants from 
outside, resulting in prooxidants that cause 
oxidation. Oxidation reactions can produce 
excess free radicals, which can cause damage 
to the spermatozoa membrane, so the 
percentage of motility decreases [37]. These 
results are in accordance with previous 
research [39], which showed that the addition 
of 30% moringa leaf extract, which also 
contains antioxidants of 70% egg yolk tris, 
actually showed the lowest percentage of 
motility compared to the addition of a smaller 
percentage of extract, because the higher 
concentration of the extract, the acidity level 
of the semen increased, thus affecting the 
quality of semen. Similar to the results of 
Ghalehkandi et al. [40], the addition of 15 cc of 
shallot extract to the semen of male rats 
showed a decrease in motility due to low 
membrane stability due to high extract 
concentrations.   

The Motility percentage before and after 
thawing showed a significant difference 
between treatments (P<0.05), with the highest 
percentage value before freezing and after 
thawing at P3 of 60.00 ± 5.00% and 41.60 ± 
3.21%. The results of the percentage of 
motility P0 and P3 are suitable for insemination. 
According to the Ministry of Agriculture [36], in 
the post-thawing motility (PTM) test, bull 
spermatozoa's minimum percentage of motility 
is 40%.  

It can occur due to the influence of the 
lactose content in the egg yolk, which plays a 
role in helping to remove water from the cells 
so that it can help prevent the formation of ice 
crystals, which can reduce the motility of 
spermatozoa during the freezing process [41]. 
The addition of red galangal extract, which 
contains antioxidants, can reduce levels of free 
radicals resulting from metabolic processes, so 

that damage to spermatozoa can be minimized 
and semen quality can be maintained [37]. 
Flavonoids can reduce the intensity of free 
radicals because flavonoids have a structure 
where the aromatic ring contains hydroxyl 
groups and other groups that can accept or 
remove free electrons from free radicals 
through a single electron transfer mechanism 
or hydrogen atom donor so that free radicals 
become stable and not toxic to cells [42]. Free 
radicals that have reacted with antioxidants will 
not react with other compounds, so the 
mitochondrial membrane, as a producer of the 
energy source of the spermatozoa tail, will be 
protected from free radicals. Thus 
mitochondria can produce energy in the form 
of ATP so spermatozoa can move. If the 
available energy is sufficient, the motility 
percentage can be maintained, even increased 
[43]. 

Percentage of Viability of Spermatozoa 
The viability percentage of spermatozoa can 

be calculated using eosin-negrosin staining to 
determine live and dead spermatozoa. The 
eosin dye will be colored pink to the dead 
spermatozoa because of the damage to the 
spermatozoa membrane; thus, the dye enters 
the cell. Meanwhile, the negrosin dye has a 
function to give color background become 
blackish blue. Indeed, spermatozoa are easier 
to observe. Therefore the live spermatozoa will 
not be stained [31] (Fig. 2).   

 

Figure 2.  Live and Dead Spermatozoa Stained with 
Eosin and Negrosin, A. Dead sperm and B. 
Live sperm 

The mean percentage of viability of 
spermatozoa after dilution using tris-egg yolk 
(TEY) extender with the addition of A. 
purpurata rhizome extract (APRE) with 
different percentages according to treatment 
is shown in Table 3. There was a decrease in 
the average percentage of viability before 
freezing. It can occur due to the cooling 
process that is carried out, causing a decrease 

A 

B 

10 μm 
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in the phospholipid content so that protection 
from cold shock is reduced. In addition, the 
content of lactic acid left over from cell 
metabolism causes conditions to become 
increasingly acidic due to a decrease in pH, so 
it can be toxic to cells and result in increased 
cell death [33]. 

Meanwhile, decreasing viability percentage 
of post-thawing can occur due to changes in 
temperature during freezing or thawing. 
Drastic temperature changes can increase the 
production of reactive oxygen species (ROS), 
which can cause lipid peroxidation in the 
plasma membrane. It affects the productivity 
of cells in producing energy; if it does 
continuously, the cells will weaken until they 
die [44]. 

Table 3.  Average percentage of viability before 
freezing and post thawing 

Treatment 
Mean viability ± SD (%) 

Before freezing Post thawing 

P0 77.80 ± 4.44 43.40 ± 2.30a 
P1 75.60 ± 6.43 44.40 ± 2.70a 
P2 76.00 ± 2.12 47.80 ± 4.71a 
P3 76.60 ± 6.23 59.80 ± 5.26b 
P4 81.80 ± 4.15 46.80 ± 6.87a 

Notes: Different superscript letters in the same column 
indicate a significant difference (P <0.05) between 
treatments. (P0) Control, (P1) treatment 98% TEY + 2% 

APRE, (P2) treatment 96% TEY + 4% APRE, (P3) 

treatment 94% TEY + 6% APRE, (P4) treatment 92% TEY 

+ 8% APRE. 

Results mean percentage of viability before 
freezing showed that the addition of A. 
purpurata rhizome extract in various 
treatments increased from P1, P2, P3 to P4. 
Statistical test results show that viability 
before freezing is not significantly different 
between treatments (P>0.05). In comparison, 
the average percentage of viability post-
thawing increased from P1 to P3 but decreased 
at P4. It happened because the highest 
percentage of the extract caused a build-up of 
dissolved materials. Hence, the formation of 
ice crystals increased, causing sperm viability 
to decrease. Following Toelihere [37], during 
the freezing process, ice crystals form and 
build-up of electrolytes and other materials in 
the solution or cells. So the lipoprotein sheath 
of the spermatozoa membrane dissolved, so 
the membrane's permeability changes, which 
causes cell death.  

Statistical analysis of post-thawing viability 
showed a significant difference between 
treatments (P<0.05). Treatment of 6% APRE in 

96% TEY (P3) showed the highest viability 
percentage compared to other treatments, 
59.80 ± 5.26%. 

Percentage of Spermatozoa Abnormalities 
The average percentage of abnormality data 

is shown in Table 4. Increasing abnormality can 
occur because, during the cooling process, 
intracellular fluids are exchanged with 
intracellular cryoprotectants, which results in 
cell expansion and subsequent shrinkage. Thus, 
the cell organelles are intolerant of changes in 
osmolarity [45]. It caused an increase in the 
percentage of abnormalities. It is in line with 
the research [46] so that the cryopreservation 
process can cause changes in the morphology 
of spermatozoa. 

Table 4.  Average percentage of abnormality before 
freezing and post thawing  

Treatment 
Mean Abnormality ± SD (%) 

Before freezing Post thawing 

P0 8.60 ± 1.14ab 8.40 ± 2.30a 
P1 8.60 ± 1.51ab 8.60 ± 1.14a 
P2 8.20 ± 1.64ab 8.20 ± 2.05a 
P3 7.20 ± 0.84a 7.00 ± 2.00a 
P4 10.80 ± 2.39b 12.40 ± 1.52b 

Notes: Different superscript letters in the same 
column indicate a significant difference (P <0.05) 
between treatments. (P0) Control, (P1) treatment 98% 

TEY + 2% APRE, (P2) treatment 96% TEY + 4% APRE, 

(P3) treatment 94% TEY + 6% APRE, (P4) treatment 

92% TEY + 8% APRE.  

Increasing abnormalities percentage from 
before freezing to post-thawing was due to 
spermatozoa having experienced cold shock 
during the cooling and freezing process and 
heat shock during the thawing process. 
Changes in temperature cause cell metabolism 
and ROS production to increase, where an 
increase in ROS causes damage to the plasma 
membrane of spermatozoa, which can affect 
the morphology of spermatozoa; in line with 
Suyadi et al. research [27], the higher the 
damage to the plasma membrane, 
abnormalities also increases. However, 
abnormalities were still considered normal. 
Morphological abnormalities below 20% are 
still considered normal [47] because the 
influence of the flavonoid content in A. 
purpurata rhizome extract prevents damage to 
spermatozoa and reduces spermatozoa 
abnormalities caused by free radicals. In 
accordance with Memon et al. research [48], 
which proved that the addition of antioxidants 
suppresses spermatozoa abnormalities.  

However, among the results of the average 
abnormal spermatozoa, there was an increase 



J. Exp. Life Sci. Vol. 13 No. 2, 2023 
ISSN. 2087-2852 

E-ISSN. 2338-1655 

 The Effect of Galangal Extract on Spermatozoa Quality of Bali Bull  
(Putri, et al.) 

   
 

90 

in the P4 treatment because of the higher dose 
of the extract given. It has a harmful effect on 
spermatozoa. Cahyadi et al. research [49] 
explained that excessive flavonoid content can 
reduce the quality of spermatozoa. In line with 
the statement of Sabile et al. [50], the 
antioxidant content in too much amount 
changes its properties to become a pro-
oxidant. So it causes oxidation. The occurrence 
of a reaction between unsaturated fatty acids 
in the spermatozoa membrane with excess 
oxygen causes cell oxidative metabolism, 
which causes damage to the cell membrane 
[25]. Damage to the cell membrane increases 
the abnormality of spermatozoa. 

Several types of abnormalities were found 
between before freezing and post-thawing of 
the Bali bull from treatment P0 to P4, such as 
the tapered head, macrocephalic, 
microcephalic, double tail, shoe hook tail, 
coiled tail, bent tail, detached tail, broken tail, 
and detached head (Fig. 3). Types of 
abnormalities in the tail, those coiled tail and 
bent tail (Fig. 4), were found due to the 
influencing series of dilution and cooling 
processes, which can cause membrane 
damage, changes in osmotic pressure, and 
exposure to chemicals in the diluent, such as 
glycerol which functions as a cryoprotectant 
[51]. When cryoprotectants enter and leave 
the cell, it can cause a change in the 
composition of the water inside the cell. Thus, 
the tail of the spermatozoa becomes curled or 
looks crooked [52]. 

 
Figure 3. Type of Abnormalities Sperm  

 

Figure 4.  Types of Bali bull Spermatozoa Abnormalities. 
(A) Coiled tails, (B) Bent tails  

CONCLUSION 
The results of the research that has been 

done concluded that the addition of 6% A. 
purpurata rhizome extract in 94% tris-egg yolk 
extender was effective in maintaining Bali bull 
spermatozoa quality during the freezing 
process.  Based on the result of this research, 
further research should be carried out 
regarding adding A. purpurata rhizome extract 
with more diverse proportions to find the most 
optimal proportion. 
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Abstract 
The utilization of natural extracts as an ingredient in cosmetic products becomes a better choice for customers. Rice 
berry has been defined as a potential source of anti-free radical properties which is able to be formulated in 
cosmetic products. Therefore, the objectives of this study are 1) to investigate an antioxidant by ABTS and ABTS 
assays, total antioxidant compounds by phenolic and total flavonoids assays, and cell viability to fibroblast NIH3T3 
(IC80) of ethanol and aqueous extracts of rice berry by MTT test, 2) to evaluate cream stability of each formulates 
adding different concentrations of rice berry extracts. The results showed that both extraction solvents did not 
show cytotoxicity to fibroblast NIH3T3 (IC80). However, the ethanol rice berry extracts exhibited a higher total 
phenolic compound, total flavonoid content, and anthocyanin content than the water rice berry extracts. The 
physical properties of each cream formulated, including rice berry extracts, showed no unacceptable properties. It 
can conclude that rice berry extracts have the potential to be a natural ingredient in cosmetic products after studies 
of the antioxidant properties, antioxidant compounds, cytotoxicity to normal fibroblast, and physical properties 
after being added to cosmetic cream. 

Keywords: Antioxidant, cream stability, flavonoids, normal fibroblasts, rice berry.  

INTRODUCTION* 
The Rice berry extract for the cosmetic 

ingredient is less in the formation of its biological 
activity, and the stability of the extract in the 
cream product has yet to be well known. Rice 
berry, black-purple-colored rice, is popularly 
grown in Thailand and easily found in northern 
Thailand. Rice berry has many benefits and 
nutritional values for its antioxidants, anti-
inflammatory agents, and vital health-promoting 
compounds, helping lower disease risks [1]. 
Moreover, other properties of colored rice, such 
as anti-aging [2] and anti-herpes simplex virus, 
have been studied [3]. Besides, the rice berry is 
enriched in health promotion to humankind [4]. 

Consequently, a screening property is a 
priority for determining a plant to study further. 
Rice berry rice provides a long list of incredible 
health benefits. Herein its mechanism can reduce 
blood sugar that affects low Glycemic Index (GI) 
[5]. Thai purple rice assesses with phenolic 
content, anthocyanin content, and antioxidant 
activity [3,4,6]. Colored rice can modulate skin for 
anti-aging with its Oryzanol and phenolic 
compounds such as Proanthocyanin [7,8], and 
anthocyanin [9]. The previous study gave 
information on extracting proanthocyanin-rich red 

                                                           
* Correspondence Address:  
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Address : 189/7 Muang-nga, Lamphun, Thailand 

rice extract by ethanol, oryzanol, and other 
phenolic compounds for skin anti-aging [7]. 

Moreover, the rice berry content of 
polyphenol, anthocyanin, and antioxidant activity 
showed modulation of gastrointestinal digestion 
[10]. Furthermore, anthocyanin from purple rice 
has been reported as an efficient compound in 
cosmetic utility for skin aging [11]. Not long ago, 
immune-boosting for consumers can be derived 
from food against COVID-19 [12]. Likewise, 
anthocyanin has been recommended compound 
for significant antiviral enhancement to protease 
enzymes of COVID-19, so COVID-19 cannot 
increase the cell number or make the virulent to 
host cell [13]. 
     Rice berry relieves illness in traditional Thai 
medicine, especially in North Thailand. 
Investigating biological screening effects, 
antioxidant activity, related compounds, and the 
stability of extracted in cream products that is rice 
berries became an important part of research [1]. 
Evaluating an effective extract that can modulate 
NIH3T3 fibroblast cells to develop the extracts to 
cell viability is a safety test to demonstrate the 
possibility of Rice berry extract used as an 
ingredient of cosmetic products. 

MATERIALS AND METHODS 
Chemicals and Materials  

The rice berry was collected from Lamphun, 
the most northern province of Thailand. The plant 
was verified using The Plant List 
(http://www.theplantlist.org) and was identified 
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geographically by a geographer. The whole grains 
were cleaned and dried in an oven at 40°C, then 
stored at -20°C until being used. The Whatman 
qualitative filter paper no.1 was purchased from 
Northern Chemical and Glassware LTD., Part 
(Chiang Mai, Thailand). 2,2-Diphenyl-1-picryl 
hydroxyl (DPPH), 6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxylic acid (Trolox), catechin 
hydrate, and TPTZ (2,4,6-tripyridyl-s-triazine) were 
purchased from Sigma-Aldrich Chemical Company 
(St.  Louis, MO, USA).  Gallic acid was obtained 
from Fluka (Buchs, Switzerland).  Proanthocyanins 
and anthocyanin were purchased from 
MySkinRecipies (Bangkok, Thailand). Folin–
Ciocalteu phenol reagent was purchased from 
Merck (Darmstadt, Germany).  Sodium hydroxide 
was obtained from Fisher Chemical (Mumbai, 
India).  KCl, FeCl3, CH3CO2K, K2S2O8, AlCl3.H12O6, 
and CH3OH were purchased from Ajax Finchem 
(Auckland, New Zealand). Hexane was obtained 
from Macron Fine Chemicals (PA, USA). Ethanol 
99.9% was purchased from QRëC (New Zealand). 
All chemicals were of analytical grade. Double-
distilled and deionized water was used in the 
preparation of all solutions. 

Sample Preparation of Extracts 
Dried samples around one kilogram were 

grounded to achieve dried powder and then 
macerated in 4L of 80% (v/v) ethanol mixed water 
for 24h at room temperature. The extraction 
process was done twice with the same extraction 
conditions. The removal of chlorophyll was carried 
out using the charcoal adsorption process. Then, 
the extracts without chlorophyll were filtered 
through Whatman’s No. 1 filter paper, and the 
removal of solvent was done by a vacuum rotary 
evaporator at room temperature. The lyophilized 
process was used to concentrate the aqueous 
portion of the sample extracts to receive the 
powder of sample products. The crude rice berry 
extract (RBE) in water (W) and EtOH separate 
extracts were ready for further experiment. 

Assessment of antioxidant activities 
The antioxidant activity of rice berry crude 

extract (RBE) was investigated by conducting the 
free radical scavenging activity. The DPPH and 
ABTS inhibition assay has been used to identify 
the performance of extracts on the antioxidant 
property, and both methods were slightly 
modified as described by previous studies [14]. 
The activity of antioxidant extracts was carried out 
by monitoring the decrease in absorbance at 
wavelength 517 nm for DPPH assay and 735 nm 
ABTS assay, and the percentage of inhibition and 
IC50 value were also presented. 

Total Phenolic and Flavonoid Contents of Crude 
Extract 

The Folin-Ciocalteu and aluminum chloride 
colorimetric assays have been used to estimate 
the total phenolic content (TP) and total flavonoid 
content (TF) in the crude extracts, and the 
methods have been described in the previous 
studies [15]. The quantity of TP and TF contents 
was determined in the unit of milligram gallic acid 
equivalent per gram extract (mg GE g-1 of extracts) 
for TP and milligram catechin equivalent per gram 
extract (mg CE g-1 of extracts) for TF. Each 
experiment was done in three replications. The 
extracts presented with the highest antioxidant 
activity were identified as antioxidant compounds 
for use as cosmetic ingredients. 

Total Monomeric Anthocyanin Content 
The pH differential method [16] was used to 

determine the total monomeric anthocyanin 
content (TAC) in the extracts with slight 
modification. Briefly, the extract of about 0.3 mL 
was added to 2.7 mL of various buffer solutions 
such as KCl buffer (0.025 M, pH = 1.0) and sodium 
acetate buffer (0.4 M, pH = 4.5). All solutions were 
filtrated by Whatman no.1 before determining the 
absorbance. The resulting solutions determined 
the absorbance at wavelength 510 and 700 nm. 
The form of cyanidin-glucoside (Cyd-3-glu) derived 
from total anthocyanin was determined and used 
to calculate the value of TAC using the following 
equation:   

𝑇𝐴𝐶 (𝑚𝑔/𝑔) =  (𝐴 × 𝑀𝑊 × 𝑑𝑖𝑡𝑢𝑡𝑖𝑜𝑛 𝑓𝑜𝑟𝑡𝑜𝑟× 1000)/ε×L  

Description: 
A = (A510 nm – A 700 nm) pH 1.0 - (A510 nm – A 700 nm) pH 4.5 
The value of MW for cyd-3-glu = 449.2 g mol-1  

The value of ↋ = 26900 molar extinction coefficients in M-1 

cm-1 for cyd-3-glu  
The value of dilution factor = 10 

The Assay of Cell Viability  
Cell line  

The DMEM, 100 U.mL-1 penicillin, 100 mg.mL-1 
streptomycin plus 10% FBS were used to maintain 
NIH3T3 (ATCC CRL 1658) fibroblast cells. The 
condition of a humidified incubator with an 
atmosphere comprised of 95% air and 5% CO2 at 
37°C was used to maintain the culture. 

Cell viability assay   
The culture was done in DMEM with 10% FBS. 

The 96-well plate contained the NIH3T3 fibroblast 
cells (1.0×104 cells.well-1). After being cultured for 
24h, the concentration of RBEs in EtOH or Water 
(W) (0-400 mg.mL-1) was varied from 0 to 400 
mg.mL-1 and incubated for 24h. At the equilibrium 
point of treatment, the addition of the 15 mL of 3-



J. Exp. Life Sci. Vol. 13 No. 2, 2023 
ISSN. 2087-2852 

E-ISSN. 2338-1655 

 Rice Berry Extracts for Body Cream Products  
(Tikapunya, et al.) 

   
 

96 

(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) solution (5 mg.mL-1) was done, 
and the resulted solution was incubated for 4h. 
The dissolution of the MTT formazan with 
dimethyl sulfoxide (DMSO) was carried out. Then 
the absorbance measurement was placed at 
wavelength of 570 nm with a reference 
wavelength of 630 nm. 

Evaluation of Formulation 
Physical parameters  

Each formulated body cream's appearance, 
color, and homogeneity (Table 1) were 
determined. The formulated cream procedure 
was described as follows. 

Table 1. Formulated body creams for physical evaluation 

Ingredients 
RBE1 

(g) 
RBE2 

(g) 
RBE3 

(g) 
RBE4 

(g) 
RBE5 

(g) 
RBE 0.00 5.00 

(mg) 
10.00 
(mg) 

20.00 
(mg) 

0.00 
(mg) 

Cetostearyl 
alcohol 

5.00 5.00 5.00 5.00 5.00 

Palmitic acid 2.00 2.00 2.00 2.00 2.00 
PEG-200 2.00 2.00 2.00 2.00 2.00 
Cetyl alcohol 1.00 1.00 1.00 1.00 1.00 
Optiphen 1.00 1.00 1.00 1.00 1.00 
Carbopol 940 0.50 0.50 0.50 0.50 0.50 
Dimethicone 0.50 0.50 0.50 0.50 0.50 
Disodium EDTA Qs. Qs. Qs. Qs. Qs. 
Triethanolamine  0.50 0.50 0.50 0.50 0.50 

Distilled water qs. to 100 g 

Step 1: Aqueous phase  
Part 1. Disodium EDTA, optiphen, and RBE 

were weighed accurately and dissolved in some 
distilled water. Part 2. The remaining distilled 
water was dispersed with Carbopol 940 while 
heated to 70°C to swelling using a high-speed 
shear homogenizer (FJ200-SH, Shanghai Huxi 
Industrial Company Limited, China).  

Step 2: Oil phase 
Palmitic acid, acetyl alcohol, dimethicone, and      

ceto stearyl alcohol were weighed accurately, 
mixed and heated to 70oC. Then mix oil phase to 
part 2 of aqueous phase at 70oC with continuous 
stirring for 30 min till was homogenized and 
uniformed. Part 1 of aqueous phase was added in 
the formulated cream when it cools down to 40oC. 
The formulated cream will be used for further 
experiments. 

For physical parameters were followed 
Donglikar and Deore [17] method with minor 
change. The modification was storage samples at 
room temperature and then at a freeze-thaw 
condition for 4 cycles.  

Thermal stability 
The test of cream formulation was carried out 

in 60-70% RH and 37.0 ± 1.0ᵒC room. The freeze-

thaw condition (0°C – 4°C and room temperature) 
for four cycles was applied for the thermal cycle. 
The result should not be separated oil or liquidity 
in the cream to pass the evaluation of the cream 
test.   

 pH determination  
The variation of pH values was carried out 

mainly in the range from 5 to 9 for the cream 
formulation. The variation of cream pH was found 
around pH 6 to 9. The formulated creams were 
diluted to 10% dilution with distilled water. The 
variation of pH ranges of mixtures was monitored 
using a pH meter. 

Viscosity  
The Brookfield viscometer (Applied Scientific 

Instruments Co., Ltd., Dial reading viscometer, 
Thailand) was used to determine the viscosities of 
creams. The right spindle was taken at spindle 
no.4 for the given product, and the operation 
condition was set up. The cream viscosity was 
directly measured at a 6 rpm speed by keeping 
the torque constant. 

Statistical analysis 
Each experiment was performed in triplication. 

All values are presented as a mean value (mean ± 
SD). The statistically significant differences 
between the means of the samples were 
calculated by one-way ANOVA. The differences 
were considered significant at p<0.05 (*). 

RESULT AND DISCUSSION 
Antioxidant properties of crude rice berry 
extracts 

RBE against ABTS and DPPH radicals and their 
TP, TF, and anthocyanin (A) contents. In this study, 
rice berries were collected from Lamphun 
Province. The antioxidant activities of rice berry 
crude extracts were measured by determining 
their abilities to scavenge DPPH and ABTS radicals. 
As shown in Table 2, the antioxidant activities of 

rice berry extract at 0-200 g.mL-1 were found to 
inhibit the ABTS-radical and DPPH-radical in a 
dose-dependent manner when compared with 
Trolox as a positive control and ascorbic acid, 
respectively. RBE in the EtOH extract at 200 

g.mL-1 displayed the highest inhibitory effect 
when it inhibited ABTS and DPPH radical, followed 
by water extract at the same concentration level. 
This finding agreed well with the evaluation of the 
TP and TF of each extract (Table 2). 

The extracts of RBE were correlated to anti-
oxidation against ABTS and DPPH radicals. The IC50 
of the RBE with EtOH extract against ABTS and 

DPPH radicals were 54.72 ±1.40 g.mL-1 and 82.04 

±3.16 g.mL-1, respectively.   
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Table 2. IC50 of the RBE against ABTS and DPPH radicals and their TP, TF, and A contents 

Extract 
IC50 (g.mL-1) TP 

(mg GE g-1 of ext) 
TF 

(mg CE g-1 of ext) 
A content (mg.L-1) 

ABTS assay DPPH assay 

Ascorbic acid 54.62±2.42 11.02±0.16 - - - 

Trolox 10.57±1.55 7.19±1.88 - - - 

RBE 

EtOH 54.72±1.40 8.20±0.16 158.72±5.50 26.57±4.08 96.42±5.97 

W 82.04±3.16* 24.84±0.39 59.53±2.55 25.83±4.63 32.91±4.50 

Note: The present value of RBE against ABTS and DPPH radicals and their total phenolic (TP) and total flavonoid (TF) 
contents are presented as mean ± SD. The differences were considered significant at the level of p<0.05 (*).

The RBE with W extract also showed the IC50 
against ABTS and DPPH radicals (8.20 ± 0.16 

g.mL-1 and 24.84 ± 0.39 g.mL-1, respectively). 
The differences were not considered significant at 
the p<0.05 (*) level to ascorbic acid and Trolox of 
ABTS and DPPH assays accept RBE with W extract. 
     Each extract’s total phenolic contents (TP) were 
analyzed and expressed as milligram gallic acid 
equivalent per gram extract (mg GE g-1 of ext.). It 
was found that the ethanol and aqueous crude 
extracts had different TP, which was equal to 
158.72 ± 5.50 and 59.53 ± 2.55 of gallic acid, 
respectively. The total flavonoid content (TF) was 
determined by aluminum chloride colorimetric 
assay and expressed as catechin equivalent per 
gram extract (mg CE g-1 of ext.). A high level of TF 
was also found in the ethanol and aqueous crude 
extracts. The TF in these extracts was equal to 
26.57 ± 4.08 and 25.83 ± 4.63 mg CE g-1 of ext. The 
anthocyanin contents were found in RBE in W and 
EtOH extracts. The highest anthocyanin content 
was 96.42 ± 5.97 mg.L-1 found in EtOH extraction.  

Cell viability assay by MTT test 
     The present study characterized the cell 
viability effect of RBE on NIH3T3 fibroblast cells by 
conducting an MTT assay. Cells were treated with 
various concentrations of extract for 24h. The 
viability of cells was moderated with the extracts 
(Fig. 1). Rice berry extracted with EtOH and water 
did not affect NIH3T3 fibroblast cells hence the 
water extract at the concentration of 400 mg.mL-1. 
The RBE by EtOH and water did not show 
cytotoxicity to fibroblast NIH3T3 (IC80). 

 Physical evaluation of formulated cream 
In the previous experiment, the RBE by EtOH 

showed the best antioxidant properties and 
compounds without cytotoxicity. The RBE by EtOH 
was used to study physical evaluation. The 
physical evaluation of color, homogeneity, phase 
separation, thermal stability, pH, and viscosity of 
formulated cream was performed after freeze-
thaw conditions (Table 3). The freeze-thaw 

condition provides the cream sample at 0°C for 24 
hours and 25°C for 24 hours for four cycles. The 
difference to the base cream (RBE1) was not 
shown, and the same ranges of pH and viscosity to 
RBE1 were observed. The pH of the cream was 
determined to investigate the possible side effects 
due to acidic or alkaline pH, which can lead to skin 
irritation and influence the polymer's hydration 
rate. In general, the cream should have a pH of 6-
9 [17]. 

All formulations had increased viscosity after 
storage in freeze-thaw conditions. All samples 
were oil-in-water creams; hence, their water 
contents might diminish at fluctuating 
temperatures. Therefore, the suggested storage 
condition for these products is a constant 
temperature. 
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Figure 1.  The NIH3T3 fibroblast cell viability to RBEs 

was tested by MTT assay. The RBEs had no 
toxicity to fibroblast cells. The RBE can 
maintain the fibroblast cell with no statistic 
difference to untreated. 

Formulations with suitable viscosity could 
provide more adhesiveness and spreading 
efficiency. No phase separation and change in 
color and odor were observed in all samples after 
the stability test. However, they seemed to be 
more viscous. It is observed from the results that 
the given formulations are relatively stable at 
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accelerated temperature and humidity. The result 
also gave a slight change in pH value with no 
statistical difference. The formulated cream with 
RBEs did not show physical changes compared to 
the cream base after storage in freeze-thaw 
conditions. According to these results, the rice 
berry extracted by ethanol is an excellent natural 
resource for ingredients in cosmetic products and 
further applications. 

The rice berry has been reported in terms of 
biological activity with its nutritional value [2,4, 
18]. The rice berry from Lamphun, Thailand, was 
investigated for its advantages. The biological 
activities, such as antioxidants against free 
radicals, are linked to bioactive compounds such 
as terpenes, flavonoids, and polyphenols [19]. 
These activities are also found in our extract. The 
rice bran hydrolysate (RBH) extract was composed 
of total phenolic content (TPC) and showed ferric-
reducing antioxidant power (FRAP) [20]. In 
addition, the bioactive compound in rice berry 
extracts potential the tyrosinase inhibited in B16 
cells [18]. The previous study showed evidence of 
the antioxidant effect and compounds in colored 
rice [3,7]. The phenolic compounds and flavonoids 
had the potential to scavenge free radicals 
emphasized by Khanema and Manasathien [21]. 
These studies also emphasized our study that 
antioxidant compounds are related to antioxidant 
properties. 

The antioxidant compounds found in other 
plant species are related to antioxidant properties 
[19,22]. This study showed similar results to a 
previous study that the monomeric anthocyanin 
showed ability against free radicals [7] and 

reduced oxidant properties of ferric [23]. The 
phenolic compounds modulate antioxidants and 
involve the sunscreen effect, which increases UV 
protection [24]. Likewise, using the same protocol 
as the present study, ethanolic extract of the 
Melientha stevia was found to have SPF maxima 
20 [19]. The aromatic or double bond structures 
are expected as it is a common component in 
plants with phenolic or flavonoid substances that 
are the most effective UV radiation absorbers 
[25]. An earlier study [26] showed that polyphenol 
extracts from grape seeds are robust to human 
skin fibroblast against UVA light in vitro [26]. By 
our studies, the RBE can modulate NIH 3T3 mouse 
skin fibroblast with no cytotoxicity. 

Moreover, some plant extract is a multi-
tasking cosmetic ingredient showed its safety and 
efficacy as an antioxidant, skin lightener, and 
detoxifying assistant to the skin [27]. The plant 
extract also showed photoprotective properties 
with its polyphenols [28]. The RBE from Lamphun, 
Thailand, also found a polyphenol that can 
promote health to consumers. Moreover, the 
polyphenol from the plant extract did not change 
the physical property of the cream formulation 
when it was added to the formula [26], which is 
related to our study that rice berry extract did not 
show physical changes when compared to the 
cream base. The aqueous extract of Polypodium 
leucotomos reduces the ultraviolet radiation 
harmful to the skin without physical change to the 
cosmetic formula [29]. According to our data, 
ethanol rice berry extract may be an excellent 
natural resource for ingredients in body cream 
products.  

Table 3. Physical evaluation of formulated cream 

Physical evaluation RBE1 RBE2 RBE3 RBE4 RBE5 

RBE by EtOH 0.000 (mg) 5.000 (mg) 10.000 (mg) 20.000 (mg) 40.000 (mg) 
Color No change No change No change No change No change 
Homogeneity Yes Yes Yes Yes Yes 
Oil phase separation No No No No No 
Liquidity separation No No No No No 
Thermal stability Stable Stable Stable Stable Stable 
pH 7.0 6.8 6.9 6.9 6.9 
Viscosity (cP) 28980 31004 31021 31027 31088 

 
CONCLUSION 

The rice berry extract contains various 
bioactive compounds, such as flavonoids, 
polyphenols, and anthocyanin, related to its 
potent anti-oxidative activities. On the other 
hand, the extract could modulate fibroblast cells 
because of the antioxidant effect and compounds. 
The rice berry extract in ethanol also showed the 
best biological properties. The formulated cream 
with the RBE did not show physical changes 

compared to the cream base. Therefore, ethanol 
rice berry extract is an excellent natural resource 
for ingredients in cosmetic products.   
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Abstract  
Morphological variations in species with a relatively broad distribution, including the genus Tytthosincus, were likely 
a result of island isolation. This research was conducted to map the morphological variations of the genus 
Tytthoscincus in Indonesia. A total of 32 specimens of the Tytthoscincus scientific collection in the Zoologicum 
Bogoriense Museum (MZB) - National Research and Innovation Agency (BRIN) and identified as T. temmincki, T. 
textus, and T. parvus have been examined and data collection which includes six morphometric characters and 12 
meristic characters. Morphometric data were analyzed in univariate and multivariate. Univariate analysis was 
carried out by the Kruskal-Wallis test, while multivariate analysis was done with the Principal Component Analysis 
(PCA) test. The results showed morphology in T. temmincki and T. textus, namely the number of loreal scales and 
tympanum diameter. Both T. temmincki and T. textus consist of two groups, but the morphological variation in T. 
temmincki and T. textus in this study has yet to provide certainty as a different species. However, one was T. textus 
Type 2, isolated from other species on Jampea Island, Sulawesi. Further research was needed to clarify the 
taxonomic status of these variations by increasing the number of adequate samples supported by the molecular 
analysis approach. 

Keywords: meristic, morphometric, species, Tytthoscincus, variation. 

INTRODUCTION 
In 2011, Linkem et al. Classified 

Sphenomorphus species into a new genus, 
Tytthoscincus. Genetic and morphological data 
show that small mountain species such as S. 
butleri (Boulenger), S. Ishaki (Grismer), and 
others form a monophyletic group centered 
phylogenetically on the genus Tytthoscincus [1]. 
The morphological characteristics of the genus 
Tytthoscincus are a body size of less than 45 
mm (SVL= Snout Vent Length), and temporal 
scales cannot be distinguished from lateral 
body scales in either size or shape [2]. 
Tytthoscincus weighs around 0.63 – 3.25 grams. 
The genus Tytthoscincus is distributed in the 
Southeast Asian region such as Malaysia, 
Indonesia, to the Philippines [3]. 

Lygosoma temmincki was described by 
Duméril and Bibron in 1839, with 
morphological characteristics of this species 
having jaws parallel to the snout, smooth 
scales, small longitudinal slit-shaped ear holes, 
and short limbs. Lygosoma temmincki was 
found on Java Island [4]. Mueller, in 1894 
described a species found on the island of 
Sulawesi at an altitude of 3900 meters above 
sea level as Lygosoma texum. This species has 
morphological characteristics such as a short 
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and pointed snout, no supranasal, and five 
supraocular scales. The ventral part of the chin 
is gray. The head length of L. texum is around 
50 mm, with a tail of 56 mm [5]. In 1897, 
Lygosoma parvum was described by Boulenger 
with the morphological characteristics of an 
elongated body shape with a total body length 
of 78 mm, a short and blunt snout, scaly lower 
eyelids, four supraocular scales, eight 
supraciliary scales, no supranasal, unclear 
tympanum hole, hind limbs longer than 
forelimbs, and a brown body with dorsal 
yellowish brown dots. Lygosoma parvum was 
found in Luhu, Central Sulawesi, at 1000 - 1600 
feet [6].   

Linkem et al. [7] redescribed T. Parvus 
characterized by a small body size of less than 
45 mm, small fingers, and a fourth finger longer 
than or equal to the third finger. This species is 
found on the island of Sulawesi [7]. Meanwhile, 
Grismer et al. [1] described T. Temmincki with 
morphological characteristics having a range of 
4 - 5 supralabial scales, two loreal scales, 68–80 
paravertebral scales, 62–72 ventral scales, 9–11 
scales on the lamella of the fourth toe, smooth 
lamella texture, and a dark line on the 
dorsolateral [1]. The distribution of T. 
temmincki is in Java, Sumatra, and Sulawesi [8]. 
Grismer et al. in 2016 described T. textus with a 
short snout, 42 mm SVL size, reddish brown 
above with reticulation, and dark limbs [1]. 
Karin et al. in 2016 also hypothesized that S. 
textus belongs to the Tytthoscincus group, 
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characterized by an adult body size of 38 mm 
and a bright stripe on the postorbital and 
dorsolateral [2]. This hypothesis was proven by 
Grismer et al. in 2017 by confirming that S. 
textus is included in the phylogeny of the 
genus Tytthoscincus [9]. This study aimed to 
map the morphological variation of the genus 
Tytthoscincus in Indonesia. 

MATERIAL AND METHOD 
Data Collection  

The research data were taken from 
scientific collections in the form of wet-
preserved specimens at the Museum 
Zoologicum Bogoriense (MZB), Herpetology 
Laboratory, Center for Biosystematics and 
Evolution Research, Indonesian National 
Research and Innovation Agency (BRIN), 
Cibinong. Morphometric and meristic character 
data were collected to compare the genus 
Tytthoscincus in Indonesia (Fig. 1). 

Morphometric characters refer to Grismer 
et al. [9], and specimens were measured using 
Image J software [10]. These morphometric 
characters include snout-cloaca distance length 
(SVL = snout-vent length) measured from the 
rostral end to the cloaca margin, head length 
(HdL) measured from the anterior edge of the 
ear hole to the rostral end, tympanum 
diameter (TD, tympanum depth) measured 
from the anterior to the posterior edge of the 
tympanum, length of the distance between the 
armpit and the thigh fold (AXG, axilla groin 
length), forelimb length (FL, forelimb limbs), 
and hind limb length (HL, hind limbs). Meristic 
characters include the number of supralabials, 
infralabials, supraoculars, supraoculars 
attached to frontal scales, loreals (Fig. 2), 
middle, paravertebral, ventral scale rows, third 
finger lamellae, fourth finger lamellae, and 
meristic character with the shape of the 
tympanum. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Distribution of variation Tytthoscincus. 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

 
Figure 2.  Morphological variation of Tytthoscincus based on the loreal scale number and tympanum diameter. A = F, T. 

temmincki type 1; B = G, T. temmincki type 2; C = H, T. textus type 1; D=I, T. textus type 2; E = J, T. parvus 
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Data Analysis 
A total of 32 adult Tytthoscincus specimens 

(from Java and Sulawesi Island) were used in 
the analysis, and due to the small sample size, 
the statistical analysis did not differentiate 
between males and females. These specimens 
were initially grouped into four operational 
taxonomic units (OTU/Operational Taxonomy 
Units) based on variations of loreal scales 
number and shape.  

Morphometric data were standardized in 
ratios (HdL/SVL, TD/SVL, AXG/SVL, FL/SVL, 
HL/SVL, and TD/HdL). Kruskal-Wallis analysis 
was carried out separately for each 
morphometric character to determine whether 
there were differences between OTUs (T. 
temmincki type 1, T. temmincki type 2, T. textus 
type 1, T. textus type 2 and T. parvus). This 
analysis method followed the Zar method [11]. 
Each morphometric character is a dependent 
variable, and OTU is an independent variable or 
predictor. Multivariate analysis used the 
principal component analysis (PCA) test to 
reduce multidimensional correlations into 
several uncorrelated variables. All analyzes 
were performed by RStudio statistical software. 

RESULT AND DISCUSSION  

Tytthoscincus temmincki is grouped into 
two, namely, type 1 with the characteristic of 
only having one loreal scale and type 2 for 
specimens with two loreal scales. The same 
applies to T. textus in type 1 and type 2. 
Meanwhile, T. parvus is only one group because 
there is no variation in the number of loreal 
scales (Fig. 2). The results of the Kruskal-Wallis 
analysis showed that only two ratio characters 
had significantly different values between 
OTUs, consist of TD/SVL and TD/HdL (Table 1). 
Of all OTUs, T. parvus had the smallest 
tympanum size (TD/SVL and TD/HdL). The 
largest tympanum belonged to T. textus, with T. 
textus type 1 and T. textus type 2.   

Multivariant analysis with PCA on PC1 and 
PC2 showed that only T. parvus separated from 
T. temmincki type 1 and type 2, and T. textus 
type 1 and type 2. PC1 and PC2 cumulatively 
explained 73.8% of the variation (Table 2, 
Fig.3). In PC1, the morphometric ratio AXG/SVL 
had negative loading, while the other five 
morphometric ratios TD/SVL, TD/HdL, FL/SVL, 
HL/SVL, and HdL/SVL had positive loading 
values. As for PC2, AXG/SVL, TD/HdL, FL/SVL, 
and TD/SVL had positive loading values, while 
HL/SVL and HdL/SVL had negative loading 
values. 

Based on this study, T. parvus is distinct 
from T. temmincki and T. textus. The variation 
in the number of loreal scales in both T. 
temmincki and T. textus should be suspected as 
a phenomenon of intra-species variation. This 
variation may be part of the ongoing speciation 
process. Another possibility is that the number 
of samples for morphometric analysis in both T. 
temmincki type 1 and type 2 and T. textus type 
2 needed to be more significant (more samples 
needed). 

The wide distribution area likely influences 
morphological variation in T. temmincki and T. 
textus. The distribution area includes not only 
one large island but also small islands with 
complex structures [3]. Geographical barriers 
play a role in causing variation. The range limit 
of a species is usually aligned with a significant 
barrier to dispersal, such as a river, sea, or 
mountain [12]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  Biplot principal component analysis of 
Tytthoscincus morphological variations on 
PC1 and PC2 

In this study, the distribution of T. textus 
type 2 was isolated from the distribution of 
other species on Jampea Island (Fig. 1). This 
allows the variation to be very different from T. 
textus type 1, which originates from Sulawesi 
Island. The morphological variations found can 
be used as a future taxonomic review and to 
provide certainty whether T. textus type 2 from 
Jampea Island is different from T. textus type 1 
from Sulawesi Island as a distinct species, 
through molecular analysis and larger/ 
representative sample size.  
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Table 1.  Mean values and Kruskal-Wallis test statistics on variation in morphometric ratios between OTUs and 
comparison of meristic characters.  

Character 

OTU 

X2 P-value T. temmincki 
type1 

T. temmincki 
type2 

T. textus 
type1 

T. textus type2 T. parvus 

N type 1 (n=3) type 2 (n=2) type 1(n=12) type 2 (n=4) (n=11) 

HdL/SVL 0.203 ± 0.007 0.221 ± 0.017 0.200 ± 0.013 0.206 ± 0.014 0.205 ± 0.015 4.0686 0.3968 
SVL 0.033 ± 0.004* 0.033 ± 0.003* 0.034 ± 0.003* 0.040 ± 0.003* 0.024 ± 0.003* 24.825* 5.456e-05* 
AXG/SVL 0.545 ± 0.024 0.479 ± 0.103 0.562 ± 0.020 0.536 ± 0.036 0.546 ± 0.025 6.1551 0.1879 
FL/SVL 0.185 ± 0.012 0.175 ± 0.005 0.159 ± 0.016 0.173 ± 0.013 0.158 ± 0.016 8.0561 0.08954 
HL/SVL 0.283 ± 0.043 0.229 ± 0.013 0.251 ± 0.024 0.272 ± 0.021 0.257 ± 0.022 7.3068 0.1205 
TD/HdL 0.164 ± 0.011* 0.148 ± 0.000* 0.170 ± 0.012* 0.196 ± 0.004* 0.116 ± 0.015* 26.624* 2.368e-05* 

Supralabials 8(1), 6(2) 6 6 6 7(1), 6(10) 

 

 

Infralabials 5 5 5 6(1), 5(3) 5 

Supraoculars 4 4 4 4 4 

Loreals 1 2 2 (10), 1(2) 1 1 

Distribution West Java, East 
Java 

West Java Gorontalo, 
Southeast 
Sulawesi, 
Central 
Sulawesi 

South Sulawesi Sulawesi, 
Gorontalo, 
Central 
Sulawesi 

Notes: * significant; HdL = head length, SVL = snout-vent length, AXG = axilla groin length, FL = forelimb length, HL = hind 
limb length, and TD = tympanum diameter.  

Table 2. Principle component analysis (PCA) and factor loading. 

PCA variable PC1 PC2 PC3 PC4 PC5 PC6 

SD 1.601 1.365 0.935 0.709 0.442 0.057 
Proportion of variance 0.427 0.310 0.146 0.084 0.033 0.001 
Cumulative 0.427 0.738 0.883 0.967 0.999 1.000 
Loading       
HdL/SVL 0.304 - 0.452 - 0.462 0.598 0.300 0.208 
TD/SVL 0.464 0.427 - 0.347 0.052 0.014 - 0.692 
AXG/SVL -0.316 0.448 0.262 0.780 - 0.149 - 0.011 
FL/SVL 0.452 0.035 0.684 0.042 0.569 - 0.004 
HL/SVL 0.505 - 0.287 0.295 0.128 - 0.748 0.007 
TD/HdL 0.365 0.574 - 0.204 - 0.117 - 0.067 0.691 

Notes: HdL = head length, SVL = snout-vent length, AXG = axilla groin length,  
FL = forelimb length, HL = hind limb length, and TD = tympanum diameter.  

The existence of habitat isolation was 
formed due to evolutionary factors, consisting 
of population differentiation between isolated 
islands during the Pleistocene era, which 
resulted in fluctuating sea levels and the 
separation of land by shallow seas [13].  Spatial 
and temporal variation in intraspecific body size 
or morphology is driven by differences in the 
heritability of phenotypic traits and the basis of 
evolution and adaptation to environmental 
changes [14]. 

CONCLUSION  
Morphological variations in T. temmincki 

and T. textus are based on the number of loreal 
scales and the diameter of the tympanum. As 
for T. parvus, no such variation was found. Both 
T. temmincki and T. textus consist of two 
groups. The morphological variations in this 
study in T. temmincki and T. textus do not 
provide certainty as different species. However, 
one of them, T. textus type 2, is isolated from 

other species on the Island of Jampea, 
Sulawesi. Further research is needed to clarify 
the taxonomic status of these variations by 
adding an adequate number of samples 
supported by molecular analysis approaches. 
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Abstract 
The purpose of this study was to determine the stability of the quality and shelf life of dried shredded African catfish 
(Clarias gariepinus). The method used in this study was quantitative research using an experimental method using a 
completely randomized design with three different drying treatments. The stability of the drying quality of African 
catfish shredded (Clarias Gariepinus) was the color of African catfish shredded with varying methods of drying, 
giving panelist scores ranging from 2.36 to 4.4; organoleptic value of African catfish floss ranged from 2.88 to 4.16; 
panelists' assessment of the texture of African catfish shredded ranged from 2.12 - 4.56; the taste of African catfish 
floss ranges from 2.08 to 4.44. Shredded African catfish with different drying durations that were most in demand 
by panelists was sample A3 shredded African catfish steamed and dried for 4 minutes in a spinner machine with a 
color score of 4.4, aroma 4.16, texture 4.56, and taste 4.44.  The results of measurements using distribution 
turnover explained that the shelf life of shredded catfish could last up to 7 months and was reduced to 6 months to 
anticipate product damage earlier. 

Keywords: quality, shelf life, shredded dumbo catfish.  

INTRODUCTION* 
Fish is a source of animal protein. Besides 

being consumed directly after cooking, fish can 
also be processed into other food ingredients 
that can increase economic added value and 
extend shelf life while maintaining nutritional 
content. Various types of fish can be processed 
into good nutritious food products, such as 
mackerel, tuna, catfish, and others. Processed 
food is produced from various fish, such as 
dumplings, pempek, shredded, crackers, 
amplang/kuku macan snack, and so on [1]. 

Catfish is a freshwater fish that is widely 
consumed by the public. Catfish have good 
nutritional content for health and contain 
lower mercury than sea fish. Every 100 g of 
catfish contains energy (145 calories), protein 
(15.45 g), fat (9.09 g), sodium (65 mg), 
cholesterol (82 mg), and saturated fatty acids 
(2730 mg). Catfish consisting of heads, fish skin, 
fish meat, and fish bones can be processed into 
various processed food products. Fish meat can 
be processed into nuggets, fish sticks, 
meatballs, amplang, etc. Fish heads and spines 
can be processed into fish crackers, and catfish 
skin can be made into skin crackers [2]. 

Shredded catfish is a processed fishery 
product made from catfish meat, which 
includes preparing catfish meat, steaming, 
grinding fish meat, making shredded seasoning, 

                                                           
* Correspondence Address: 
Sugiono 
E-mail : sugiono@uim.ac.id 
Address : Universitas Islam Madura, JL. Pondok Peantren 

Miftahul Ulum Bettet, Pamekasan, 69317 

mixing fish meat and spices and coconut milk, 
seasoning impregnation, and finally frying the 
fish meat and then packing it and stored [3]. 
Shredded is a long-lasting food with high 
protein and low cholesterol levels. Drying in the 
production process of shredded catfish is a 
process that affects the acceptability and shelf 
life of the shredded catfish. The quality of 
shredded fish is that it has a soft shape, tastes 
good, has a distinctive smell, and has a 
relatively long shelf life [4]. The quality 
characteristics of shredded fish are influenced 
by the type of fish used as the main ingredient, 
the composition of the spices, and the 
presence of other additives [5]. Determination 
of the quality of shredded fish refers to the 
quality requirements for shredded fish as 
described in SNI 01-3707-1995 [6,7]. Shredded 
quality parameters and the level of consumer 
acceptance of organoleptic tests [8], including 
color, aroma, taste, and texture, were assessed. 
Based on these descriptions, this research aims 
to determine the quality, stability, and shelf life 
of drying shredded catfish (Clarias gariepinus). 

RESEARCH METHODS 
Material 

The main ingredient used in shredded is 2 
kg of fresh catfish (Clarias gariepinus) obtained 
from catfish farmers in Purwosari Pasuruan. 
Additional ingredients for making floss are ten 
pieces of shallots, six pieces of garlic, palm oil, 
lemongrass, galangal, coriander, pepper, 50 
grams of brown sugar, 50 grams of chilies, 50 
mL of coconut milk, three pieces of aromatic 
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leaves, three pieces of lime leaves, one piece of 
lemongrass and salt obtained from a traditional 
market in Purwosari – Pasuruan. 

Method 
This research was conducted experimentally 

using a single factor Complete Randomized 
Design with three treatments. Treatment A1: 
shredded African catfish steamed without 
drying on a spinner machine, A2: shredded 
African catfish steamed and dried on a spinner 
machine for 2 minutes, A3: shredded African 
catfish steamed and dried on a spinner 
machine for 4 minutes. Parameters observed 
included color, aroma, texture, taste, and shelf 
life. Methods of data collection using interview 
techniques, observation, and organoleptic 
testing of catfish shredded products using 25 
untrained panelists. Determination of shredded 
shelf life used the conventional method of 
extended storage studies (ESS) in the form of 
literature values and distribution turnover. 

Stages of Processing Shredded Catfish 
Receiving raw materials 

Receiving raw materials, namely live catfish 
received weighing ± 2 kg. The raw material that 
is received must be organoleptically tested 
first, then shorted by quality analysis. Handling 
of catfish raw materials is carried out until the 
shredded processing is complete. The freshness 
level of fish will significantly determine the 
quality of the final product [9]. Materials must 
remain in good condition until they are used 
[10]. 

Washing and weeding process 
The catfish was immediately killed and 

weeded. Weeding is done by removing the 
head, gills, catfish skin, and stomach contents. 
The tail of the fish is not cut because it shortens 
the time. The weeding waste in the form of 
blood and stomach contents is immediately 
disposed of so that it does not mix into the 
clean area [11]. 

Steaming process 
The steaming process is carried out by 

adding water as much as ¼ of the height of the 
steamer (± 20 L) to the boiler or boiling device. 
Steaming is done at ± 95°C for 1 hour. The 
maturity of the fish meat can be seen from the 
clearly separated flesh and skin, and the change 
in the color of the meat to slightly brownish. In 
undercooked fish, separating the bones, skin, 
and flesh can be difficult. Whereas if it takes 
too long, the texture of the meat will be mushy 
[12]. 

Shredding process 
After the steaming of the fish meat is 

complete, the catfish meat is shredded. The 
shredding process involves cutting the fish 
meat into smaller pieces and separating the 
meat from the catfish spines. This reduction 
will affect the long frying time of shredded [13]. 
Shrinking of fish meat is done until the fish 
meat is in the form of cotton with a soft and 
uniform texture [14]. 

Mixing of spices 
The raw materials for spices are mashed 

with a blender. The spices used include 50 
grams of brown sugar, 50 mL of coconut milk, 
three pieces of aromatic leaves, three pieces of 
lime leaves, one piece of lemongrass, 25 mL of 
cooking oil, 1 gram of salt, and 3 grams of white 
sugar. For the ground spices in the process of 
making this shredded meat, use ten pieces of 
shallots, six pieces of garlic, 50 grams of red 
chilies, one segment of ginger, one segment of 
galangal, one segment of turmeric, 1 gram of 
coriander and 1 gram of pepper. The spices are 
mashed and then put in the shredded catfish 
meat. Let the spices seep into the catfish meat. 

Frying process 
The catfish meat that has been mixed with 

spices is fried until dry and brown. Every three 
times frying, the oil is changed because the 
quality of the oil is decreased [15]. During the 
frying process, there is a reduction in water 
content which will be replaced by oil. It will also 
cause changes in color, aroma, texture, and 
taste, as well as the formation of volatile 
compounds, which generally come from 
aromatic compounds. 

Process of Draining Oil from Shredded Fish 
Shredded fish that has been cooked is put 

into an oil slicer (spinner) quickly, carefully, and 
sanitarily, which aims to separate the fish meat 
from the oil used for frying. After draining in 
the spinner machine, the shredded catfish is 
poured into a flat container covered with 
plastic. While the cooling takes place, the 
process of selecting the thorns and 
decomposing the meat that is still lumpy is 
carried out. The result of slicing is shredded fish 
with a dry texture because the oil has been 
separated from the shredded. The main 
principle of the slicing machine is that the 
remaining frying oil attached to the shredded 
can be more thorough and speed up the 
production process [16]. To produce dry and 
durable shredded, cooked shredded is pressed 
to reduce the oil [17,18]. 
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Packaging Process 
The packaging process is carried out by 

weighing the shredded in large and small sizes 
that have been labeled. After being put into the 
shredded packaging, it is pressed with a heat 
sealer to strengthen the packaging. Each pack 
has a large one, 100 grams, and a small one, 50 
grams of shredded. Product packaging is to 
protect and prevent product damage and 
extend shelf life. 

Storage Process 
Shredded fish packed in plastic is pressed 

with a machine and stored in a storage 
cupboard. Food storage is placed in cupboards, 
not on the floor, and storage cabinets are made 
of anti-rats and insects [10]. Product 
contamination that is not covered comes from 
biogenic dust containing mites, fungi, and 
bacteria [19]. Polyethylene packaging is the 
best in maintaining quality, both at room 
temperature and cold storage. 

Data collection 
Data collection is an essential step for 

conducting research. With knowing data 
collection techniques, researchers will get data 
that meets data standards. The techniques 
used by the author in this study are as follows. 

Questionnaire technique 
Questionnaires are data collection 

techniques that are carried out by providing a 
series of written questions to respondents or 
commonly called panelists. There are two types 
of questionnaire techniques, namely closed and 
open. In this study, researchers used a closed 
questionnaire technique to get answers from 
specific results according to the panelist's 
experience after tasting or tasting the results of 
the variables that have been provided. This 
questionnaire is intended for untrained 
panelists of 25 respondents with a scale of 1-5 
(1 = dislike; 2 = don’t like it; 3 = quite like it; 4 = 
like it; and 5 = really like it). 

Extended Storage Studies (ESS) technique 
Shelf life assessment techniques in this 

study used conventional methods (Extended 
Storage Studies/ESS). The ESS method used in 
this research is literature value and distribution 
turnover, which determines the shelf life of 
food products based on information on similar 
products available on the market. 

Data Analysis 
In this research on shredded African catfish 

with different drying durations, data analysis 
was carried out using Ms. Excel to look for 

organoleptic test data using Friedman's test 
with a significant level of 5% and study of 
shredded shelf life using conventional methods 
in the form of literature values and distribution 
turn over. 

Organoleptic analysis and study of the shelf 
life of shredded African catfish (Clarias 
gariepinus) were conducted with different 
drying durations. The African catfish shredded 
product results were then subjected to 
organoleptic tests using the Friedman test at a 
significant level of 5%. 

RESULTS AND DISCUSSION 
Organoleptic Test 

Identification and processing of 25 
respondent questionnaires include the 
demographics of the research panelists, i.e. 
gender, age, education, and institution, in 
detail presented in Table 1. The percentage of 
males is 40%, while the percentage of females 
is 60%. Demographic data on the age of the 
respondents shows that most respondents are 
below 26 years old, with a percentage value of 
60%, while the lowest percentage is for 
respondents below 21 years old at 4%. 

Demographic education data shows that at 
least respondents have a junior high school 
education level. Undergraduate education 
(bachelor’s degree) respondents show the 
highest percentage. Institutional demographic 
data shows that respondents from Yudharta 
University institutions are 32%, while non-
Yudharta University respondents are 68%. 

Organoleptic test on the three research 
variables, namely A1 (steamed African catfish + 
spinner without drying); A2 (dumbo catfish 
steamed + with spinner drying 2 minutes); A3 
(steamed dumbo catfish + spinner drying 4 
minutes) includes testing the level of 
preference for color, aroma, taste, and texture. 
Based on the results of the African catfish 
shredded preference test with three different 
treatments (Table 2), it was shown that the 
panelists liked the shredded catfish sample 
(A3), which was steamed and dried for 4 
minutes in a spinner machine in terms of color, 
aroma, texture, and taste [5]. 

Color 
Color performance is an indicator for 

determining attractiveness, characteristics, and 
quality attributes [20]. Based on the results of 
organoleptic tests conducted by 25 panelists, 
the color of shredded African catfish with 
different drying methods gave panelist scores 
ranging from 2.36 to 4.4 (Table 2). 
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Table 1. Demographics of Respondents/ Panelists 

Description number (people) Percentage (%) 

Gender 
Man 
Woma 

 
10 
15 

 
40 
60 

Age 
Below 21 years old 
Below 26 years old 
Below 31 years old  
Below 36 years old  
More than 36 years old 

 
1 

15 
4 
3 
2 

 
4 

60 
16 
12 
8 

Description number (people) Percentage (%) 

Education 
Elementary school 
Junior high school 
Senior High School 
Associate Degree 
Bachelor Degree  
Master Degree  

 
0 
3 

10 
0 

12 
0 

 
0 

12 
40 
0 

48 
0 

Institution 
Yudharta University 
Non Yudharta University 

 
8 

17 

 
32 
68  

Table 2. Scores of Organoleptic Test Results  

Treatment 
Parameters Results 

Color Scent  Texture Flavor 

A1 2.36 2.88 2.12 2.08 
A2 4.20 4.12 4.04 4.00 
A3 4.40 4.16 4.56 4.44 

 
In the organoleptic test results for the color 

of shredded fish, the lowest score was 2.36 
(disliked) in treatment A1, while the highest 
score was 4.4 in treatment A3. The results of 
the panelists' assessment explained that the 
African catfish floss in sample A3 had a brown 
color that looked soft and was almost the same 
as in sample A2. In contrast, sample A1 had a 
color that tended to be darker brown (Fig. 1) 
due to lots of oil deposits because it had not 
gone through the spinner machine drying 
process. 
 

 
Sample A1 

 
Sample A2 

 
Sampel A3 

Figure 1. Shredded catfish 

The organoleptic value of the color of 
shredded catfish in this study was lower than 
that of the color of previous studies with 
shredded lampam fish (5.24) [21] and shredded 
tuna [22]. Another value range was 4.70 - 5.23 
for shredded tuna [23], a value range of 4.70 - 
5.17 for shredded fish [24], and the 

organoleptic range for the color of shredded 
fish was 3.76 – 5.08 [25]. The Friedman test 
results showed a significant difference in the 
color of African catfish shredded in the 
different drying duration treatments. 

Scent 
Based on the results of organoleptic tests 

on 25 untrained panelists, the aroma value of 
shredded catfish can be seen in Table 2. The 
results show that the organoleptic value of the 
aroma of shredded catfish with different drying 
methods ranges from 2.88 to 4. 16 (likes). The 
average value of panelists' preference for the 
aroma of shredded African catfish is with the 
lowest score of 2.88 in treatment A1, while the 
highest score was 4.16 in treatment A3. 

Panelists preferred the scent of African 
catfish floss using the method of steaming and 
spinner drying for 4 minutes with a value of 
4.16, compared to the method of steaming 
African catfish and spinner drying for 2 minutes 
and without spinner drying. The panelists 
further explained that all the African catfish 
shredded samples had a pleasant scent. It was 
influenced by the shredded manufacturing 
process, which used spices of the same type 
and amount ratio. The type of fish and the 
composition of the shredded seasoning can 
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affect the resulting shredded aroma [22]. 
Previous studies showed that the organoleptic 
value of aroma ranges from 4.53 to 4.92 in 
shredded tuna [23], while the value range from 
4.78 - 4.92 [24] and 3.95 - 4.79 [25] in shredded 
fish. The results of the Friedman test show that 
the F table is smaller than the F count, meaning 
that there is a significant difference in the scent 
of shredded catfish with different drying 
durations. 

Texture 
The texture of the African catfish shredded 

can be seen in Table 2. The study results 
showed that the panelists' assessment of the 
African catfish shredded texture ranged from 
2.12-4.56. Texture is a significant characteristic, 
both in fresh food and processed products [10]. 
The freshness and quality of the raw materials 
will significantly influence fried products' 
crispness.   

Preference will be given to crunchy foods 
that are hard, easy to bite into, and make a 
crunchy sound. The organoleptic value of the 
catfish shredded texture average value of the 
lowest preference is 2.12 (dislikes) A1, and the 
highest value is 4.4 from treatment A3. The 
panelists further explained that the shredded 
African catfish in sample A3 generally had the 
most suitable texture for shredded fish, not too 
oily and brittle. The results of this study were 
higher than shredded tuna by 2.47 [22], While 
the results of other studies related to the 
organoleptic value of shredded fish texture 
were 4.62-5.08 [23], 4.64-5.30 [24], and 4.12-
4.98 [25].  

Differences in texture values can occur due 
to different species and manufacturing 
methods. Friedman's test results show that 
significant difference in the texture of African 
catfish shredded at different drying durations. 

Flavor 
Based on the results of organoleptic tests 

on 25 untrained panelists, the taste value of 
the shredded African catfish can be seen in 
Table 2. The results showed that the panelists' 
assessment of the African catfish shredded 
taste ranged from 2.08 to 4.44. The 
organoleptic value of the taste of shredded 
catfish was lower than shredded tuna at 5.3 
and shredded tuna at 5.51 [22], shredded 
lampam fish at 5.04 [21], the organoleptic value 
of shredded fish flavor at 4.64 - 5.02 [23], 4.97-
5.08 [24] and 3.95-5.30 [25].   

Sulthoniyah et al. [26] explained that taste 
is a sensation formed from the combination of 

the composition of the ingredients forming a 
food product captured by the sense of taste. 
Therefore taste is the main element in deciding 
whether a product is accepted. Even though a 
product's color, scent, and texture are good, 
consumers will usually reject it if it tastes 
terrible. Taste is one crucial component that 
influences consumer acceptance of a product. 
Taste can affect consumers' acceptance or 
rejection of a food product [21]. 

Based on the average panelists' preference 
for the taste of African catfish shredded, the 
lowest value was 2.08 (disliked) in sample A1, 
while the highest value was 4.44 in treatment 
A3. According to the notes of one of the 
panelists, shredded African catfish in sample 
A3, the taste is most in line with shredded 
catfish in general, has a savory taste, is not 
greasy, and has a dominant catfish taste. 
Friedman's test showed a significant difference 
in the taste of African catfish shredded with 
different drying durations (α=0.05). 

Shelf Life Determination 
The shelf life was determined using the 

Extended Storage Studies (ESS) method with 
sensory damage parameters (appearance, 
smell, taste, and texture) according to SNI 
7757:2013. Estimating shelf life using the 
extended storage studies (ESS) method, namely 
by allowing the product to deteriorate until a 
particular time and then measuring the 
parameters of quality changes. The storage 
temperature used is room temperature (30°C). 
The results of organoleptic testing by 25 
untrained panelists on shredded African catfish 
stored at 30°C for seven days showed that it did 
not change physically, and no fungus grew. It is 
because the shredded catfish product is 
processed and can last a long time. After all, it 
is a type of dried food. Determination of the 
shelf life of African catfish shredded is the 
determination of the product's shelf-life from 
the time of production to consumption where 
the product is in a satisfactory condition based 
on the characteristics of appearance, taste, 
scent, and texture. 

Several sources related to the shelf life of 
shredded fish, including the shelf life of 
shredded skipjack tuna (Katsuwonus pelamis) 
at the Maha Karya micro and medium business 
unit, Pangandaran Regency, show that the 
reaction of decreased quality of skipjack tuna 
products at 30°C (room temperature) last 
longer 222 days/7.4 months [22]. It was further 
explained that aluminum foil packaging is 
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recommended for skipjack tuna products and 
stored at 30°C or room temperature to extend 
the product's shelf life. 

Determining the shelf life in this study also 
used the distribution turnover method, which 
determines the shelf life of food products 
based on information on similar products 
available on the market. From the analysis of 
the organoleptic tests carried out, the most 
preferred treatment by the panelists of the 
three samples is the A3 treatment, in which the 
A3 treatment is steamed and dried for 4 
minutes in a spinner machine. It is related to 
the results of interviews or information 
obtained from business actors similar products, 
namely in micro and medium enterprises in 
Sukorejo, namely Processed Catfish, where 
these small and medium enterprises also use 
the same method, namely steaming fish and 
drying it on a spinner machine for 4 minutes.   

From the information obtained from small 
and medium enterprises, the process of 
steaming and drying with a duration of 4 
minutes on shredded catfish that has been 
running so far, is that the shelf life of the 
shredded catfish products that are distributed 
is claimed to last for a period of seven months 
but reduced by one month to anticipate earlier 
product damage which is eventually rounded 
up to six months from the initial production 
date. This information can eventually become a 
reference for researchers to determine the 
shelf life of catfish shredded products when 
viewed based on the conventional distribution 
turnover method. 

CONCLUSION 
The stability of the drying quality of African 

catfish shredded (Clarias Gariepinus) was the 
color of African catfish shredded with different 
drying methods giving panelist scores ranging 
from 2.36 to 4.4; organoleptic value of African 
catfish floss ranged from 2.88 to 4.16; panelists' 
assessment of the texture of African catfish 
shredded ranged from 2.12 - 4.56; the taste of 
African catfish floss ranges from 2.08 to 4.44. 
Shredded African catfish with different drying 
durations that were most in demand by 
panelists was the sample A3 shredded African 
catfish that steamed and dried for 4 minutes in 
a spinner machine with a color score of 4.4, 
scent 4.16, texture 4.56, and taste 4.44.  

The shelf life of shredded African catfish 
stored at room temperature (±30°C) is seven 
days, physically unchanged. The shelf life of 
shredded catfish could last up to seven months 

and was reduced to six months to anticipate 
the product damage. 
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Abstract 
Biofilm is the dominant habitat for aquatic microbes that can grow in various aquatic conditions, including 
environments with extreme conditions. One of the extreme conditions found in aquatic ecosystems is a hypersaline 
environment. As part of aquatic biological resources, microbes can also live in this environment. However, although 
it is the predominant habitat of microbes, biofilms in hypersaline environments have yet to be widely explored. 
Understanding biofilms in hypersaline environments, especially salt ponds, will increase knowledge about microbial 
biofilms. The knowledge can open opportunities for using microbes as aquatic resources, such as aquaculture or 
environmental biotechnology. This study analyzed microbial abundance in biofilms and water in hypersaline 
environments. The water is from salt ponds on the South Coast of Malang Regency, Indonesia, with different salinity 
levels (2%, 25%, and 40%). Microbial abundance was analyzed using the culture method using several culture media 
(Modified Nutrient Agar, Modified Total Plate Agar, Mannitol Salt Agar, and Casein Medium Agar). The substrate for 
biofilm growth is HDPE, often used as a bottom coating for salt ponds and shrimp ponds. Moreover, this study also 
analyzed water quality parameters (pH, dissolved oxygen, turbidity, conductivity, total dissolved solids, 
temperature) during the biofilms' forming process. The results of this study indicate that the abundance of good 
microbes that grow in the biofilm or the water around the biofilm is strongly influenced by the type of media used 
for culturing. The main composition of the most influential media is peptone. The density of microbes in the biofilm 
is hundreds to thousands of times higher than that in the surrounding water. The results of this study also show that 
the presence of microbes in both water and biofilm affects the water quality properties in hypersaline 
environments. 

Keywords: aquatic ecosystem, biofilm, hypersaline, microbial ecology. 

INTRODUCTION* 
The utilization of water resources can not 

be separated from the use of the environment. 
The aquatic environment has abiotic and biotic 
components [1]. The abiotic component 
contains nitrate, phosphate, NaCl, and other 
minerals. In comparison, one of the biotic 
components is aquatic microbes. These 
components have a direct effect on life [2]. One 
environment that has yet to be optimally 
explored is the hypersaline environment. 

The hypersaline environment is one of the 
extreme environments with high salt content 
[3]. A hypersaline environment is an 
environment with extreme conditions that have 
limited nutrients for the life of organisms. In 
this environment, some organisms can live and 
develop, called extremophiles organisms, a 
type of halophilic microbe [4]. Many species are 
considered halophilic microbes because they 
tolerate high salt levels. Its presence in 
hypersaline environments is often influenced 
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by self-acclimatization and lack of competition 
with other phototrophic organisms [5]. 
Halophilic microbes have a particular 
characteristic of tolerating hypersaline 
environments, namely avoiding osmotic shocks 
by increasing ion concentrations in the 
cytoplasm [2]. Generally, microorganisms can 
communicate between cells, forming biofilms 
in a space/field [1]. 

Biofilm is a collection of microbes attached 
to a surface and covered with a carbohydrate 
adhesive secreted by microbes [6]. The 
composition of biofilms is microorganism cells, 
extracellular products, detritus, polysaccharides 
(adhesive materials), and 97% water (a main 
constituent) [7]. Polysaccharides (polymers of 
monosaccharides or simple sugars) produced 
by microbes and form biofilms include 
exopolysaccharides (EPS), namely 
polysaccharides secreted from cells [8]. EPS 
synthesized by microbial cells differs in 
composition and chemical and physical 
properties. Other biofilm constituent materials 
are proteins, lipids, and lectins [9]. 

Biofilm is a collection of microbes attached 
to a surface and covered with a carbohydrate 
adhesive secreted by microbes [6]. The 
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compositiBiofilm, as a collection of aquatic 
microbes, has several functions. In aquatic 
environments, microbes act as decomposers 
[10]. In fisheries and marine resources, 
microbes are used as bioremediation agents 
and management in marine minerals. 
Generally, previous studies related to biofilms 
and their forming microbial communities were 
carried out in typical environments such as seas 
[11], lakes [12], and rivers [10]. Therefore, 
research on biofilms under hypersaline 
conditions is necessary as an initial stage for 
developing and utilizing halophilic biofilms. The 
purpose of this study was to analyze the 
abundance of microbes in specific culture 
media on biofilms. Moreover, this study also 
compared the abundance of halophilic 
microbes that form biofilms with microbes in 
water. 

MATERIAL AND METHOD 
Sample Preparation 

The water used as a medium for growing 
biofilms in this study was water taken from salt 
ponds on the South Coast of Malang Regency, 
Indonesia. The water used has a salinity level of 
2%, 25%, and 40%. This difference in salinity 
can occur due to the evaporation process in salt 
ponds to produce salt crystals. There are three 
stages in the salt production process, from raw 
materials to salt crystals. The first stage is the 
evaporation of young water, which occurs at 
2% salinity. Furthermore, the evaporation of 
old water occurs at 25% salinity; in this 
condition, salt crystals will form. The third stage 
is called bittern, where the brine remains with 
40% salinity [13]. 

The substrate used for biofilm growth is 
High-density polyethylene (HDPE) with a 
thickness of 5 mm. This type of HDPE is widely 
used to line the bottom of salt ponds and 
shrimp ponds in Indonesia. HDPE sheets were 
cut into 15 x 10 cm sizes and put into an 
aquarium filled with water with different 
salinity levels. HDPE is bonded to a stainless 
weight so it can be submerged in a standing 
position in the water. 

The biofilm that grows on HDPE is taken by 
brushing the biofilm with a soft toothbrush 
slowly in one direction into 40 mL of distilled 
water. The suspended biofilm was then 
homogenized and used as a sample to grow 
biofilm on different media. All experiments 
were carried out three times independently. 
The water around the biofilm was taken as 
much as 50 mL. This water sample was used for 

microbial culture on different media. All 
experiments using water as a sample were also 
repeated three times independently. Three 
repetitions were used to minimize data error 
during testing, and the data obtained will be 
averaged. 

Microbes in the biofilm and the water 
around the biofilm were cultured using several 
culture media. The media used were Nutrient 
Agar modified NaCl (Oxoid), Total Plate Agar 
modified NaCl (Himedia), Mannitol Salt Agar 
(Himedia), and Casein Medium Agar [14]. These 
four selective media are often used to culture 
halophilic microbes with different nutrient 
compositions. 

Microbial Abundance Analysis 
Analysis of microbial abundance in biofilm 

and water was carried out at the beginning of 
the study (D0) and the end (D21). For the case of 
biofilms, because at the beginning of the study 
(D0), there were no growing biofilms, the 
microbial abundance data obtained was only 
available at the end of the study (D21). 
Abundance was calculated using the total plate 
count method with microbial culture using the 
spread plate method on each different media. 
The microbial culture was carried out for seven 
days, with microbial counts carried out every 
day. The time of seven days is based on the 
growth phase of halophilic microbes in general 
starting the stationary phase at 5-7 days. 

Water Quality Measurement 
Water quality parameters analyzed in this 

study were pH, dissolved oxygen, turbidity, 
conductivity, total dissolved solids, and 
temperature. pH was measured using a digital 
pH meter (WQC-22A, DKK TOA Corporation, 
Japan), dissolved oxygen and temperature were 
measured using an integrated DO Meter and 
Digital Thermometer (WQC-22A, DKK TOA 
Corporation, Japan), and turbidity was 
measured using a digital turbidity meter (WQC-
22A, DKK TOA Corporation, Japan). Total 
dissolved solids were measured using the 
turbidity meter (Lutron YK22CTA, USA). All 
measurements were measured with three 
repetitions independently. 

Data Analysis Method 
Data that has been tabulated will be 

analyzed to get the results of the research. The 
method used to analyze the data is a 
quantitative descriptive method. The 
quantitative descriptive method analyzes data 
in numbers resulting from observations of the 
actual situation. 
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RESULT AND DISCUSSION 
Halophilic microbial abundance in a 

hypersaline environment was estimated based 
on total plate count analysis of four different 
media. The use of different media aims to 
analyze the most appropriate media for 
calculating the abundance of halophilic 
microbes, especially related to the 
characteristics of halophilic microbes, which 
include extremophiles with their uniqueness 
regarding nutritional needs. The hypersaline 
environment is an extreme environment with 
low nutrients [15], so the presence of nutrients 
in the media can affect bacterial growth, 
affecting the estimation of the abundance of 
bacteria present in the biofilm and the 
surrounding water. Three repetitions were used 
to minimize data error during testing, and the 
data obtained will be averaged. 

Microbial Abundance in Biofilms 
At the beginning of the study (D0), biofilms 

had not formed on the surface of HDPE, so the 
microbial density value in the biofilm could not 
be shown in this study. The biofilm formation 
process will occur after the quorum sensing 
process occurs between the microbes attached 
to the surface. The results of this study indicate 
that biofilms in halophilic environments have 
not yet formed on day 0. 

Biofilm takes approximately 14 days to 
reach the mature biofilm level [16]. In oreder to 
give time for the biofilms growing on HDPE to 
reach the mature biofilm stage, the microbial 
density in the biofilm was analyzed after 21 
days (Fig. 1). The results varied based on the 
calculating microbial abundance in biofilms 
treated with NaCl levels with different media. 
The highest abundance was found at 25% NaCl 
content, with different media having an 
abundance between 10.0-29.0 x 10ˉ¹ CFU.mL-1. 
The abundance of microbes in 2% NaCl 
treatment with different media is between 8.0 
– 24.0 x 10ˉ¹ CFU.mL-1. In the treatment of 40% 

NaCl with different media has an abundance 
between 8.0 – 24.0 x 10ˉ¹ CFU.mL-1. 

The abundance of microbes in the biofilm at 
2%, 25%, and 40% NaCl treatment showed 
different density levels with the same pattern. 
The halophilic microbial log phase occurred on 
culture days 1 to 3 in NaCl-modified NA media. 
The exponential phase occurred on day 4, 
marked by the emergence of colonies, and 
increased until day 6. The stationary phase 
occurred from day 6 to day 7. The death phase 
in this study was not visible because the Petri 
dishes were filled with microbial colonies. The 
same microbial growth phase occurs in NaCl-
modified TPA media. In the media treatment, 
MSA and CMA had the same growth pattern. 
The lag phase in these two media occurs in 
microbial culture days 1 and 2.  

The exponential phase occurred on day 3, 
marked by the emergence of colonies, and 
continued to rise until day 6. The exponential 
phase on MSA media was faster, presumably 
due to the effect of mannitol. Mannitol Salt 
Agar (MSA) was used to determine halophilic 
(salt-loving) bacteria with the ability to ferment 
mannitol. These halophilic bacteria can grow on 
MSA media because of their ability to grow in 
environments with high salt levels [17]. A 
positive result of mannitol fermentation is the 
formation of a yellow halo around the bacterial 
colonies; this indicates acid production from 
mannitol breakdown [18]. The ability of 
halophilic microbes to ferment mannitol makes 
them anti-edema in cells, so they have an 
excellent ability to osmoregulate salt ions. In 
general, non-halophilic microbes do not have 
this ability, causing the microbes to experience 
edema in the cytoplasm [17]. On days 5-6, 
there is no increase in the prohibition, which 
means it shows a stationary stage. The death 
phase in this study was not visible because the 
Petri dishes were filled with microbial colonies. 
The highest microbial abundance was found in 
MSA media with 24.0 - 29.0 x 10ˉ¹ CFU.mL-1. 

 
Figure 1. Microbial abundance inside biofilms in hypersaline environment (A=NaCl 2%, B= NaCl 25%, and C= NaCl 4%) 
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Figure 2. Microbial abundance in the water at start of the study (D0) (A= NaCl 2%; B= NaCl 25%; C= NaCl 40%)

Microbial abundance in water at the start of 
the study (D0) 

Based on calculating the abundance of 
microbes in the initial water sample (D0), the 
treatment of NaCl levels with different media 
showed varied results (Fig. 2). The highest 
abundance was found at 25% NaCl content, 
with different media having an abundance 
between 4.0 – 25.0 x 10ˉ¹ CFU.mL-1. The 
abundance of microbes in 2% NaCl treatment 
with different media is between 5.0 – 18.0 x 
10ˉ¹ CFU.mL-1. The 40% NaCl treatment with 
different media ranges between 4.0 – 19.7 x 
10ˉ¹ CFU.mL-1. 

The abundance of microbes in the initial 
water sample (D0) at 2%, 25%, and 40% NaCl 
treatment showed different densities but 
relatively the same pattern. In NaCl-modified 
NA media, the halophilic microbial lag phase 
occurred in culture days 1 to 3. The exponential 
phase occurred on day four, marked by the 
emergence of colonies, and increased until day 
6. Both media did not contain mannitol as an 
anti-edema, meaning only a few microbes can 
live and thrive at high salinity. Halomonas 
halophilic microbes have a thick cytoplasmic 
structure, making them one of the halotolerant 
microbes often found in hypersaline 
environments [17]. NA media modified by NaCl 
contained the composition of Lab Lemco 
Powder (1 g). This material functions as a 
source of minerals, vitamins [19].   

The NaCl-modified TPA media grew with the 
same abundance range as the NaCl-modified 
NA media. The composition of the two media is 
almost the same. The difference is that the TPA 
media contains dextrose as an additional 
nutrient. Dextrose or sugar clusters, both 
monosaccharides and polysaccharides, are 
additional nutrients for the culture in the media 
[20]. The presence of dextrose is an additional 
carbon source in the modified NaCl TPA media 
[21]. In general, halophilic microbes cultured on 
NA media will grow in 3-7 days [20]. The 
stationary phase occurred from day 6 to day 7. 
The death phase in this study was not visible 
because the petri dish was filled with microbial 
colonies.  

In the media treatment, MSA and CMA had 
the same growth pattern. The lag phase in both 
media occurred on days 1 and 2 of the 
microbial culture. The exponential phase 
occurred on day three, marked by the 
emergence of colonies, and continued to 
increase until day 6. However, on days 5 and 6, 
no significant increase in abundance indicates a 
stationary stage. The death phase in this study 
was not visible because the Petri dishes were 
filled with microbial colonies. The highest 
microbial abundance was found in MSA media 
with 19.0 - 25.0 x 10ˉ¹ CFU.mL-1. The overall 
microbial abundance in the initial water (D0) 
was lower than in the biofilm. 

 

 
Figure 3. Microbial abundance in the water at finish of the study (D21) (A= NaCl 2%; B= NaCl 25%; C= NaCl 40%)
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Microbial abundance in water at the end of 
the study (D21) 

The results of calculating the microbial 
abundance in the water samples at the end of 
the study (D21) indicated that the treatment of 
NaCl levels with different media showed varied 
results (Fig. 3). The highest abundance was 
found at 25% NaCl content, with different 
media having an abundance between 5.0 – 25.0 
x 10ˉ¹ CFU.mL-1. The abundance of microbes in 
2% NaCl treatment for different media is 5.7 – 
22.0 x 10ˉ¹ CFU.mL-1. While for the media with 
40% NaCl range between 5.0 – 22.0 x 10ˉ¹ 
CFU.mL-1. As at the beginning of the study, the 
abundance of microbes in the water after 21 
days (D21) showed a different abundance with 
the same growth pattern in 2%, 25%, and 40% 
NaCl treatments. The halophilic microbial lag 
phase occurred in culture days 1 to 3 in NaCl-
modified NA media. The exponential phase 
occurred on day four, marked by the 
emergence of colonies, and increased until day 
6. The stationary phase occurred from day 6 to 
day 7. The same microbial growth phase occurs 
in NaCl-modified TPA media.  

In the media treatment, MSA and CMA had 
the same growth pattern. The lag phase in both 
media occurred on days 1 and 2 of the 
microbial culture. The exponential phase 
occurred on day three, marked by the 
emergence of colonies, and continued to 
increase until day 6. However, on days 5 and 6, 
no significant increase in abundance indicates a 
stationary stage. The death phase in this study 
was not visible because the Petri dishes were 
filled with microbial colonies. The highest 
microbial abundance was found in MSA media 
with 22.0 – 25.0 x 10ˉ¹ CFU.mL-1.  

The abundance of CMA media has a high 
abundance after MSA media. This abundance is 
presumably due to the influence of the 

composition of CMA, which contains 
Magnesium Chloride and Potassium Chloride. 
Both of these materials function like mannitol 
in MSA media as a regulator of osmosis in cells. 
Adding Magnesium Chloride to the culture 
medium can increase microbial density because 
this compound can restore the lost balance 
between sodium and potassium [22]. Halophilic 
microbes need this condition to thrive in high 
salinity and low nutrients. The overall 
abundance of microbes in the initial water (D21) 
was lower than that in the biofilm but higher 
than that in the initial water (D0). 

Effect of media composition on microbial 
abundance 

The four media used in this study were 
NaCl-modified Nutrient Agar, Mannitol Salt 
Agar, NaCl-modified Total Plate Agar, and 
Casein Medium Agar. Each medium has 
different nutrients. The composition of each 
media can be seen in Table 1 below. 

The composition of the media that gets 
highlighted in this study is peptone. All media 
contain peptone with different levels. Analysis 
was conducted to see the regression of 
peptone levels in each medium to microbial 
abundance. The results of the analysis can be 
seen in Figure 4. 

 

Figure 4. Regression of peptone levels with microbial 
abundance 

Table 1. Halophilic selective media composition 

Media Composition NA Mod NaCl MSA TPA Mod NaCl CMA 

Lab-Lemco Powder 1 gr.L-1 1  gr.L-1 - - 
Yeast extract 2  gr.L-1 - 2.5  gr.L-1 5  gr.L-1 
Peptone 5  gr.L-1 10  gr.L-1 5  gr.L-1 7.5  gr.L-1 
Sodium Chloride 5  gr.L-1 + 70  gr.L-1 75  gr.L-1 + 75  gr.L-1 75  gr.L-1 
Agar 15  gr.L-1 15  gr.L-1 15  gr.L-1 15  gr.L-1 
Dextrose - - 1  gr.L-1 - 
Mannitol - 10  gr.L-1 - - 
Phenol red - 0.025  gr.L-1 - - 
MgCl2 . 6H2O - - - 2  gr.L-1 
KCl - - - 2  gr.L-1 
CaCl2 - - - 0.2  gr.L-1 

Source Oxoid Himedia Himedia 
Microbiological media 
4th 2010 
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The analysis results in Figure 4 show that 
the regression value (R2) between peptone 
content and abundance of microbes is 0.979. 
This result indicates that the level of regression 
between the two factors is 97.9%. This value is 
included in the category of solid relationships 
(>80%). 

Peptone is a protein hydrolyzate widely 
used as a nutritional component in 
microorganism growth media. Peptone is easily 
soluble in water and does not experience 
coagulation when heated [23]. Peptones in 
microbial growth media serve as a nitrogen 
source for microorganisms [24]. 

Water Quality Parameters 
pH 

Based on the measurement of the pH value 
of each treatment, the value tends to be 
stationary from the beginning to the end of the 
study. The pH value is shown in Figure 5. The 
2% NaCl treatment had the highest relative pH 
value (alkaline), whereas the 25% NaCl 
treatment had the lowest. This condition is 
directly proportional to the abundance of 
microbes in each treatment, where the highest 
abundance was in the 25% NaCl treatment. The 
decrease in pH is caused by the accumulation 
of organic acids and an increase in H+ protons 
due to bacterial metabolism due to the 
decomposition of amino acids [25]. Halophilic 
bacteria are microorganisms resistant to high 
salt levels because they accumulate dissolved 
organic matter in their cytoplasm [26]. 

 
Figure 5. pH during biofim forming process 

Dissolved Oxygen 
Based on the measurement of each 

treatment's dissolved oxygen (DO) value, the 
value tends to be stationary from the beginning 
to the end of the study. The DO value is shown 
in Figure 6. The DO value in the observations 
tends to decrease. The difference in the DO 
value for each treatment has a different value. 
The highest DO occurred in treatment A (NaCl 
2%), followed by treatment C (NaCl 40%), and 
the lowest DO value was in treatment B (NaCl 

25%). DO concentration affects the ability of 
microbes in the process of degrading organic 
matter [27]. DO concentrations decreased from 
day 1 to day 21 in all treatments. This condition 
is influenced by the continuous consumption of 
DO by microbes in degrading organic matter 
without significant additions from the external 
environment. 

 
Figure 6. DO during biofilm forming process 

Turbidity 
The turbidity value during the biofilm 

formation process was analyzed in this study. 
Based on the measurement of the turbidity 
value of each treatment, it shows that each 
treatment has a turbidity value that tends to be 
stationary from the beginning to the end of the 
study (Fig. 7). The level of turbidity in the water 
sample treatment C (NaCl 40%) has a higher 
turbidity level than treatment B (NaCl 25%), 
and treatment A (NaCl 2%) has a low turbidity 
value. This condition was influenced by the 
concentration of NaCl in the water sample 
treatment C, which was higher than treatments 
B and A, so it affected the turbidity level. 

 
Figure 7. Turbidity during biofilm forming process 

Conductivity 
The conductivity values of water during the 

biofilm formation process in a halophilic 
environment are shown in Figure 8. The 
conductivity values of each identified treatment 
tended to be stationary from the beginning to 
the end of the study. The order of the height of 
the conductivity level in the sample water is 
treatment B (25% NaCl) followed by treatment 
C (40% NaCl). The conductivity value was the 
lowest in treatment A (NaCl 2%). 
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Conductivity (electrical conductivity) is the 
ability of water to conduct electricity. The 
electrical conductivity is more influenced by 
dissolved minerals in the water, especially 
ionized NaCl, which is directly proportional to 
the electrical conductivity. Interestingly, the 
higher the microbial abundance affected the 
conductivity value to be higher. This condition 
can be associated with microbes releasing ions 
during their metabolic processes [28,29]. Some 
examples of microbes with this ability are 
Staphylococcus sp. and E. coli [30]. The two 
species come from the phyla Proteobacteria 
and Firmicutes, where based on metagenomic 
results, this phylum is the most identified. 

 
Figure 8. Conductivity of water during biofilm process 

Total Dissolved Solid (TDS) 
The TDS value in water in this study is 

shown in Figure 9. The highest TDS value was in 
treatment B (25% NaCl), followed by treatment 
C (40% NaCl). A (NaCl 2%) has a very low TDS in 
treatment. The NaCl content and substances in 
water affect the TDS level, including microbes.  
It is assumed that other dissolved materials 
affect the TDS value. This condition is 
proportional to the microbial abundance in 
treatment B, which is higher. TDS is affected by 
solids dissolved in water in the form of 
elements, compounds, and colloids [31]. 

 
Figure 9. TDS in water during biofilm forming process 

Temperature 
The water temperature during the biofilm 

formation process was measured in this study, 
with the results shown in Figure 10. The 
temperature in treatments A, B, and C was 
relatively the same from day 1 to day 21. This 

condition indicated that the NaCl content in the 
sample did not affect the sample water 
temperature considering the research was 
conducted indoors. Water temperature is 
greatly influenced by the amount of sunlight on 
the water's surface [31]. 

 
Figure 10. Temperature of water during biofilm forming 

process 

CONCLUSSION 
The results of this study indicate that the 

abundance of microbial abundance in biofilms 
and water around biofilms that grow in a 
halophilic environment is analyzed in this study. 
The results of this study indicate that the good 
microbes that grow in the biofilm or the water 
around the biofilm are greatly influenced by the 
type of media used for culturing. The main 
composition of the most influential media is 
peptone. The density of microbes in the biofilm 
is hundreds to thousands of times higher than 
that in the surrounding water. The highest 
abundance of microbes is at 25% NaCl content. 
The results of this study also show that the 
presence of microbes in both water and biofilm 
affects the water quality properties in 
hypersaline environments. 
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Abstract 
This paper is aimed to develop a new COVID-19 mathematical model involving viruses in the environment. In this 
mathematical model, the human population is divided into five subpopulations: susceptible, exposed, infected, 
hospitalized, and cured individuals. In addition, the model also contains the virus population in the environment. 
Infection in the model occurs due to interactions between susceptible individual subpopulations and infected 
individuals and hospitalizations, as well as the spread of the virus in the environment. Based on the results of 
dynamic analysis, this model has two equilibrium points, the disease-free and endemic equilibrium points. The 
disease-free equilibrium point always exists, and both equilibrium points are locally asymptotically stable if they 
meet the Routh-Hurwitz criteria. Model sensitivity analysis was carried out on model parameters that affect the 
basic reproduction number with the most sensitive parameters are the natural death rate, the recruitment rate, the 
transmission rate of the virus in the environment, the virus clearance rate, and the rate of wearing PPE (Personal 
Protective Equipment), as well as the parameter that does not affect the basic reproduction number that is the rate 
of leaving the recovered population. Numerical simulations performed show results in accordance with the analysis, 
also from the simulations can be concluded that the increase (or decrease) of the transmission rate of the virus in 
an environment that has a higher sensitivity index has more significant influences on the basic reproduction number 
and the number of infected population than the transmission rate of hospitalized individuals. 

Keywords: Basic Reproduction Number, Dynamics Analysis, Epidemic Models of COVID-19, Local Stability Analysis, 
Sensitivity Analysis. 

 
INTRODUCTION 

Coronavirus is an infectious disease called 
acute respiratory syndrome by the 
International Virus Taxonomy community. In 
general, the coronavirus is known as COVID-19. 
This disease is transmitted through direct 
contact such as touch, body fluids, or air when 
sneezing or coughing [1]. Researchers are still 
tracking the spread of COVID-19 in all parts of 
the world. To describe the dynamics of the 
spread of the virus in a population, a 
mathematical model is needed so that the 
solutions can be obtained in handling the 
spread of the virus. 

Mathematical modeling is a field of 
mathematics that describes real-world 
problems in mathematical statements. The 
COVID-19 model is an epidemic model where 
the model is used to describe the infectious 
disease COVID-19. The COVID-19 epidemic 
model has been studied by several researchers. 

 
*Corresponding Address: 
Maratus Sholihatul Azizah 
E-mail : maratussa@gmail.com 
Address  : Dept. Mathematics, University of Brawijaya,  

Veteran Malang, 65145. 

Researchers [2-5] developed a model of three 
SIR subpopulations. Then Victor [6] developed 
this model by adding a subpopulation of 
exposed individuals (𝐸) and the assumption 
that subpopulations of individuals who 
recovered could be susceptible again (𝑅). Zeb 
et al. [7] also developed the previous model 
researched [2,4] by adding a subpopulation of 
exposed individuals (𝐸) and isolated individual 
subpopulations (Q) to the model. 

Naik et al. [8] modeled the effect of COVID-
19 transmission on contaminated environments 
in India using seven subpopulations, namely 
susceptible (𝑆), exposed (𝐸), asymptomatic 
infected (𝐴), infected with symptoms (𝐼), 
confirmed (𝐶), hospitalized (𝐻), and recovered 
(𝑅) with the virus population in the 
environment (𝑉). The intended population is a 
combined population that interacts 
homogeneously where each individual interacts 
directly, without isolation or quarantine, and 
without closing access to a particular area. 

Masandawa et al. [9] presented a COVID-19 
model consisting of five subpopulations 
namely, susceptible (𝑆), exposed (𝐸), infected 
(𝐼), hospitalized (𝐻), and recovered (𝑅). This 
model assumes that individuals who have 



J. Exp. Life Sci. Vol. 13 No. 2, 2023 
ISSN. 2087-2852 

E-ISSN. 2338-1655 

 

   
 

123 COVID-19 Transmission Involves Virus in the Environment 
(Azizah, et al.) 

recovered have the possibility to become 
vulnerable again. 

This paper will constructed a mathematical 
model for COVID-19 by modifying Masandawa 
et al. [9] model by adding the virus 
compartment in the environment as in Naik et 
al. [8]. It is done to determine the virus's 
behavior in the environment with the 
constructed model. Then the dynamic analysis 
of the model is applied by determining the 
equilibrium point and analyzing its stability. In 
the final part, a numerical simulation is carried 
out to describe the results of dynamic analysis 
using the fourth-order Runge-Kutta method. 

MATERIALS AND METHOD 
Model Formulation 

In this paper, the COVID-19 epidemic model 
[9] is the main object of the study. The model 
construction is done by modifying the model of 
Masandawa et al. [9] by adding the virus 
compartment, such as in the model of Naik et 
al. [8]. 

Determination of the Equilibrium Points 
The first step to be done in dynamics 

analysis is to determine the equilibrium points. 
The equilibrium points of the model are 
obtained when the population rate of the 
system is unchanged or equal to zero. From this 
condition, the existence properties of 
equilibrium points are also obtained. 

Stability of the Equilibrium Points 
The local stability of equilibrium points is 

analyzed by linearizing the model using the 
Taylor series. The linearization is done to 
change the nonlinear model into its linear form. 

The approximation used is in the form of a 
Jacobian matrix. From there, we can determine 
the eigenvalues or roots of the characteristics 
equation. The local stability determination is 
obtained from the absolute of its eigenvalue 
argument. 

Sensitivity Analysis 
The sensitivity analysis is done to determine 

the parameter that mainly affects the spread of 
the disease. In this stage, the study calculates 
the sensitivity index of each model parameter 
that correlates with the basic reproduction 
number, ℛ0. 

Numerical Simulation 
The numerical simulation is used to verify 

the analytical results and illustrate the model's 
behavior. The approach used is the fourth-
order Runge-Kutta method using MATLAB 
software. In this stage, it is crucial to determine 
the parameters that match the condition of 
existences and stability of equilibrium points. 
The interpretation results of numerical 
simulations are done as the last step in this 
stage. 

RESULTS AND DISCUSSION 
The COVID-19 Model Construction 

This section will give a mathematical model 
of the COVID-19 epidemic involving viruses in 
the environment. The epidemic model used as 
a reference is the Masandawa et al. [9] 
epidemic model involving viruses in the 
environment, as referred to by Naik et al. [8]. 
The compartment diagram for the COVID-19 
epidemic model involving viruses in the 
environment is shown in Figure 1. 

 

Figure 1. The COVID-19 epidemic model involving viruses in the environment 
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The assumptions used in the mathematical 
model are as follows: 1) individuals who have 
recovered will be susceptible again, 2) the virus 
population in the environment (𝑉) is spread by 
infected (𝐼) and hospitalized individuals (𝐻), 3) 
susceptible individuals will be infected with the 
virus by interacting with infected and 
hospitalized individuals as well as interactions 
with viruses in the environment, 4) interactions 
between susceptible and hospitalized 
individuals occur when susceptible individuals 
are in the hospital, and 5) there are significant 
influences in the use of personal protective 
equipment (PPE) to prevent the spread of the 
virus. 

The COVID-19 epidemic model involving 
virus in the environment consists of five groups 
of human subpopulations; susceptible (𝑆), 
exposed (𝐸), infected (𝐼), hospitalized (𝐻), 
and recovered (𝑅) subpopulations, also the 
virus population in the environment (𝑉). The 
COVID-19 epidemic model involving virus in the 
environment is given by the following equation. 
The parameter description can be seen in Table 
1. 
𝑑𝑆

𝑑𝑡
= Λ + 𝜌𝑅 − (𝜇 + 𝛽𝑉𝑉 + (1 − 𝜃)(𝛽𝐼𝐼 + 𝛽𝐻𝐻))𝑆 

𝑑𝐸

𝑑𝑡
= (𝛽𝑉𝑉 + (1 − 𝜃)(𝛽𝐼𝐼 + 𝛽𝐻𝐻))𝑆 − (𝛼 + 𝜖 + 𝜇)𝐸 

𝑑𝐼

𝑑𝑡
= 𝛼𝐸 − (𝑟𝐼 + 𝜈 + 𝑑 + 𝜇)𝐼 

𝑑𝐻

𝑑𝑡
= 𝜖𝐸 + 𝜈𝐼 − (𝑟𝐻 + 𝑑 + 𝜇)𝐻 

(1) 

𝑑𝑅

𝑑𝑡
= 𝑟𝐼𝐼 + 𝑟𝐻𝐻 − (𝜌 + 𝜇)𝑅 

𝑑𝑉

𝑑𝑡
= 𝛾𝐼𝐼 + 𝛾𝐻𝐻 − 𝜔𝑉 

and  
𝑁 = 𝑆 + 𝐸 + 𝐼 + 𝐻 + 𝑅 

Table 1. Description of all parameters 

Para- 
meter 

Description 

Λ Recruitment rate of susceptible 
𝜇 Natural death rate 
𝜌 Rate of leaving the recovered population 
𝛽𝑉 virus transmission rate in the environment  
𝛽𝐼 Transmission rate of infected individuals 
𝛽𝐻 Transmission rate of hospitalized individuals 
𝜃 The rate of wearing PPE 
𝛼 ‘Exposed individuals become infected’ rate 
𝜖 ‘Exposed individuals are hospitalized’ rate  
𝜈 ‘Infected individuals are hospitalized’ rate 
𝑟𝐼 Recovery rate of infected individuals 
𝑟𝐻 Recovery rate of hospitalized individuals 
𝑑 The disease induced death rate 
𝛾𝐼 Virus released rate via infected individuals 
𝛾𝐻 Virus release rate via the hospitalized 

individuals 
𝜔 The virus clearance rate 

 

Equilibrium points 
The system equilibrium points are obtained 

when 
𝑑𝑆

𝑑𝑡
=
𝑑𝐸

𝑑𝑡
=
𝑑𝐼

𝑑𝑡
=
𝑑𝐻

𝑑𝑡
=
𝑑𝑅

𝑑𝑡
=
𝑑𝑉

𝑑𝑡
= 0, such 

that 

Λ + 𝜌𝑅 − (𝜇 + 𝛽𝑉𝑉 + (1 − 𝜃)(𝛽𝐼𝐼 + 𝛽𝐻𝐻))𝑆 = 0, 

(𝛽𝑉𝑉 + (1 − 𝜃)(𝛽𝐼𝐼 + 𝛽𝐻𝐻))𝑆 − 𝑘1𝐸 = 0, 

𝛼𝐸 − 𝑘2𝐼 = 0, 

(2) 
𝜖𝐸 + 𝜈𝐼 − 𝑘3𝐻 = 0, 
𝑟𝐼𝐼 + 𝑟𝐻𝐻 − 𝑘4𝑅 = 0, 
𝛾𝐼𝐼 + 𝛾𝐻𝐻 − 𝜔𝑉 = 0, 

where  
𝑘1 = 𝛼 + 𝜖 + 𝜇, 
𝑘2 = 𝑟𝐼 + 𝜈 + 𝑑 + 𝜇, 
𝑘3 = 𝑟𝐻 + 𝑑 + 𝜇, 
𝑘4 = 𝜌 + 𝜇. 

 
Disease-free equilibrium  

𝑌0 = (𝑆0, 𝐸0, 𝐼0, 𝐻0, 𝑅0, 𝑉0) = (
Λ

𝜇
, 0,0,0,0,0), 

With assumptions 𝑆 ≠ 0, 𝐸 ≠ 0, 𝐼 ≠ 0,𝐻 ≠ 0, 𝑅 ≠
0, and 𝑉 ≠ 0 ,we get the endemic equilibrium  

𝑌∗ = (𝑆∗, 𝐸∗, 𝐼∗, 𝐻∗, 𝑅∗, 𝑉∗) where 

𝑆∗ =
Λ + 𝑎3𝐸

∗

𝜇 + (𝑎4 + 𝑎5)𝐸
∗
 

(3) 

𝐼∗ =
𝛼𝐸∗

𝑘2
 

𝐻∗ =
𝐸∗

𝑘3
(𝜖 +

𝛼𝜈

𝑘2
) 

𝑅∗ =
𝐸∗

𝑘4
(
𝛼𝑟𝐼
𝑘2
+
𝑟𝐻
𝑘3
(𝜖 +

𝛼𝜈

𝑘2
)) 

𝑉∗ =
𝐸∗

𝜔
(
𝛼𝛾𝐼
𝑘2
+
𝛾𝐻
𝑘3
(𝜖 +

𝛼𝜈

𝑘2
)) 

and 

𝑎1 =
𝛼

𝑘2
, 𝑎2 =

1

𝑘3
(𝜖 +

𝛼𝜈

𝑘2
), 

𝑎3 =
𝜌

𝑘4
(𝑎1𝑟𝐼 + 𝑎2𝑟𝐻), 

𝑎4 =
𝛽𝑉
𝜔
(𝛾𝐼𝑎1 + 𝛾𝐻𝑎2), 

𝑎5 = (1 − 𝜃)(𝛽𝐼𝑎1 + 𝛽𝐻𝑎2). 
 

Endemic equilibrium 𝑌∗ exists when 
𝑘1𝜇 > Λ(𝑎4 + 𝑎5) and 𝑎3 > 𝑘1 

or 

𝑘1𝜇 < Λ(𝑎4 + 𝑎5) and 𝑎3 < 𝑘1. 

Basic reproduction number 
The next generation matrix method was 

used to obtain the basic reproduction number 
(ℛ0). The components forming the next 
generation matrix consist of the infected 
population group, i.e 
𝑑𝐸

𝑑𝑡
= (𝛽𝑉𝑉 + (1 − 𝜃)(𝛽𝐼𝐼 + 𝛽𝐻𝐻))𝑆 − 𝑘1𝐸, 

(4) 
𝑑𝐼

𝑑𝑡
= 𝛼𝐸 − 𝑘2𝐼, 
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𝑑𝐻

𝑑𝑡
= 𝜖𝐸 + 𝜈𝐼 − 𝑘3𝐻, 

𝑑𝑉

𝑑𝑡
= 𝛾𝐼𝐼 + 𝛾𝐻𝐻 − 𝜔𝑉. 

to differ new infection, so (4) is changed to 

𝑑𝑥𝑖
𝑑𝑡
= ℱ𝑖(𝑥) − 𝒢𝑖(𝑥), 

Where ℱ𝑖  is the new infection rate, 𝒢𝑖  is the 
transfer of infection between subpopulations 
and 𝑥 are the infected subpopulations such that 
𝑥1 = 𝐸, 𝑥2 = 𝐼, 𝑥3 = 𝐻, 𝑥4 = 𝑉. 

ℱ𝑖 = (

(𝛽𝑉𝑉 + (1 − 𝜃)(𝛽𝐼𝐼 + 𝛽𝐻𝐻))𝑆

0
0
0

), 

𝒢𝑖 = (

𝑘1𝐸
𝑘2𝐼 − 𝛼𝐸

𝑘3𝐻 − 𝜖𝐸 − 𝜈𝐼
𝜔𝑉 − 𝛾𝐼𝐼 − 𝛾𝐻𝐻

). 

The spectral radius of the next generation 
matrix 𝒦 = ℱ𝒢−1 as the basic reproduction 

number ℛ0 and 𝑌0 = (
Λ

𝜇
, 0,0,0,0,0), where, 

ℱ = (
𝜕𝑓𝑖(𝑥𝑖)

𝜕𝑥𝑖
) =

(

 
 
0

𝛽𝐼Λ

𝜇
(1 − 𝜃)

0
0
0

0
0
0

    

𝛽𝐻Λ

𝜇
(1 − 𝜃)

𝛽𝑉Λ

𝜇
0
0
0

0
0
0 )

 
 

 

and 

𝒢 = (
𝜕ℊ𝑖(𝑥𝑖)

𝜕𝑥𝑖
) = (

𝑘1 0
−𝛼
−𝜖
0

𝑘2
−𝜈
−𝛾𝐼

    

0 0
0
𝑘3
−𝛾𝐻

0
0
𝜔

). 

After computing the eigen values of the matrix 
𝒦 = ℱ𝒢−1, we have the expression of ℛ0, 

ℛ0 =
𝛼𝛽𝐼Λ(1 − 𝜃)

𝜇𝑘1𝑘2
+
𝛽𝐻Λ(1 − 𝜃)(𝛼𝜈 − 𝜖𝑘2)

𝜇𝑘1𝑘2𝑘3
 

 

+
𝛽𝑉Λ(𝛼𝛾𝐼𝑘3 + 𝛼𝛾𝐻𝜈 + 𝛾𝐻𝜖𝑘2)

𝜇𝑘1𝑘2𝑘3𝜔
 

=

𝜔𝑘3𝛼𝛽𝐼Λ(1 − 𝜃) + 𝜔𝛽𝐻Λ(1 − 𝜃)(𝛼𝜈 − 𝜖𝑘2)

+𝛽𝑉Λ(𝛼𝛾𝐼𝑘3 + 𝛼𝛾𝐻𝜈 + 𝛾𝐻𝜖𝑘2)

𝜇𝑘1𝑘2𝑘3𝜔
 

ℛ0 = ℛ0
𝑖𝑠𝑝
+ℛ0

𝑖𝑣𝑒, 

where 

ℛ0
𝑖𝑠𝑝

 =
𝜔𝑘3𝛼𝛽𝐼Λ(1 − 𝜃) + 𝜔𝛽𝐻Λ(1 − 𝜃)(𝛼𝜈 − 𝜖𝑘2)

𝜇𝑘1𝑘2𝑘3𝜔
, 

ℛ0
𝑖𝑣𝑒 =

𝛽𝑉Λ(𝛼𝛾𝐼𝑘3 + 𝛼𝛾𝐻𝜈 + 𝛾𝐻𝜖𝑘2)

𝜇𝑘1𝑘2𝑘3𝜔
. 

Here, ℛ0
𝑖𝑠𝑝

 indicates the average number of 
secondary infections generated by a single 
infected individual introduced to susceptible 
populations directly during their life cycle. ℛ0

𝑖𝑣𝑒 

indicates the average number of secondary 
infections generated by the virus released into 
the environment during its life cycle. 

Local stability analysis 
The general Jacobian matrix associated to 

system (1) is given by 

 

We will prove the local stability of equilibrium 
points following theorems with proofs. 

Theorem 1. The disease-free equilibrium point 
𝑌0 of the proposed COVID-19 epidemic model 
(1) is locally asymptotically stable if ℛ0 < 1 and 
unstable otherwise. 

Proof. Substitute the point 𝑌0 to the general 
Jacobian matrix 𝐽 that yields 

𝐽(𝑌0) =

(

 
 
 
 
 
−𝜇 0

−𝛽𝐼Λ(1 − 𝜃)

𝜇

0 −𝑘1
𝛽𝐼Λ(1 − 𝜃)

𝜇
0
0
0
0

𝛼
𝜖
0
0

−𝑘2
𝜈
𝑟𝐼
𝛾𝐼

    

−𝛽𝐻Λ(1 − 𝜃)

𝜇
𝜌 −𝛽𝑉

𝛽𝐻Λ(1 − 𝜃)

ì
0 𝛽𝑉

0
−𝑘3
𝑟𝐻
𝛾𝐻

0
0
−𝑘4
0

0
0
0
−𝜔)

 
 
 
 
 

 

as per the Routh-Hurwitz criterion, for ℛ0 < 1, 

the disease-free equilibrium point 𝑌0 of the 
proposed model (1) is locally asymptotically 
stable if all eigenvalues 𝜆𝑖 , 𝑖 = 1,2,… ,6 of the 
matrix 𝐽(𝑌0) are negative numbers or have 
negative real parts. We can evaluate these 
eigenvalues from the following characteristics 
polynomial 

|𝐽(𝑌0) − 𝜆𝐼| = 0 
(5) 

where 𝐼 is an identity matrix of order six and 𝜆 
is the eigenvalues. By using cofactor expansion 
method, we get 𝜆1 = −𝜇 < 0 and 𝜆2 = −𝑘4 <
0 and the fourth-order Routh-Hurwitz matrix 
such that, we get the characteristic polynomial 
of the form 

𝑃𝑌0(𝜆) = 𝜆4 + 𝑏1𝜆
3 + 𝑏2𝜆

2 + 𝑏3𝜆 + 𝑏4 = 0  

where 𝑏1, 𝑏2, 𝑏3,and 𝑏4 is given in the Box 1. 

Therefore, the stability when ℛ0 < 1 follows 
the Routh-Hurwitz criterion for fourth-order 
polynomials, the disease-free equilibrium point 
is asymptotically stable if and only if  

i) 𝑏1 > 0 and 𝑏4 > 0, 
ii) ℎ1 = 𝑏1𝑏2 − 𝑏3 > 0, 

iii) ℎ2 = 𝑏3(𝑏1𝑏2 − 𝑏3) − 𝑏1
2𝑏4 > 0. 

Theorem 2. The endemic equilibrium point 𝑌∗ 
of the proposed COVID-19 epidemic model (1) 
is locally asymptotically stable if ℛ0 > 1 and 
unstable otherwise. 

𝐽 =

(

 
 
 

−(𝜇 + 𝛽𝑉𝑉+ (1− 𝜃)(𝛽𝐼𝐼 + 𝛽𝐻𝐻)) 0 −(1− 𝜃)𝛽𝐼𝑆

𝛽𝑉𝑉 + (1 − 𝜃)(𝛽𝐼𝐼 + 𝛽𝐻𝐻) −𝑘1 (1− 𝜃)𝛽𝐼𝑆
0
0
0
0

𝛼
𝜖
0
0

−𝑘2

𝜈
𝑟𝐼
𝛾𝐼

    

−(1− 𝜃)𝛽𝐻𝑆 𝜌 −𝛽𝑉
(1 − 𝜃)𝛽𝐻𝑆 0 𝛽𝑉

0
−𝑘3
𝑟𝐻
𝛾𝐻

0
0
−𝑘4

0

0
0
0
−𝜔)

 
 
 

. 
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Proof. Substitute the point 𝑌∗ to the general 
Jacobian matrix 𝐽 that yields 

𝐽(𝑌∗) =

(

 
 
 

−(𝜇 + 𝑛1) 0 −𝑛2
𝑛1 −𝑘1 𝑛2
0
0
0
0

𝛼
𝜖
0
0

−𝑘2
𝜈
𝑟𝐼
𝛾𝐼

    

−𝑛3 𝜌 −𝛽𝑉
𝑛3 0 𝛽𝑉
0
−𝑘3
𝑟𝐻
𝛾𝐻

0
0
−𝑘4
0

0
0
0
−𝜔)

 
 
 
, 

where 
𝑛1 = 𝛽𝑉𝑉

∗ + (1 − 𝜃)(𝛽𝐼𝐼
∗ + 𝛽𝐻𝐻

∗), 
𝑛2 = (1 − 𝜃)𝛽𝐼𝑆

∗, 
𝑛3 = (1 − 𝜃)𝛽𝐻𝑆

∗. 

as per the Routh-Hurwitz criterion, for ℛ0 > 1, 

the endemic equilibrium 𝑌∗ of the proposed 
model (1) is locally asymptotically stable if all 
eigenvalues 𝜆𝑖 , 𝑖 = 1,2,… ,6 of the matrix 𝐽(𝑌∗) 
are negative numbers or have negative real 
parts. We can evaluate these eigenvalues from 
the following characteristics polynomial 

|𝐽(𝑌∗) − 𝜆𝐼| = 0  (6) 

where 𝐼 is an identity matrix of order six and 𝜆 
is the eigenvalues. Therefore, we get the 
characteristic polynomial of the form 

𝑃𝑌
∗
(𝜆) = 𝜆6 + 𝑏1𝜆

5 + 𝑏2𝜆
4 + 𝑏3𝜆

3 + 𝑏4𝜆
2 

                  +𝑏5𝜆 + 𝑏6 = 0 

where 𝑏1, 𝑏2, 𝑏3, 𝑏4, 𝑏5, and 𝑏6 is given in Box 1. 

Therefore, the stability when ℛ0 > 1 follows 
the Routh-Hurwitz criterion for sixth-order 
polynomials, the endemic equilibrium point is 
asymptotically stable if and only if  
i) 𝑏1 > 0 and 𝑏6 > 0, 

ii) ℎ3 = 𝑏1𝑏2 − 𝑏3 > 0, 
iii) ℎ4 = 𝑏3(𝑏1𝑏2 − 𝑏3) − 𝑏1(𝑏1𝑏4 − 𝑏5) > 0, 

iv) ℎ5 = 𝑏4(𝑏3(𝑏1𝑏2 − 𝑏3) − 𝑏1(𝑏1𝑏4 − 𝑏5)) −

𝑏5(𝑏2(𝑏1𝑏2 − 𝑏3) − (𝑏1𝑏4 − 𝑏5)) + 𝑏6𝑏1(𝑏1𝑏2 − 𝑏3) >

0, 

v) ℎ6 = 𝑏5 (𝑏4(𝑏3(𝑏1𝑏2 − 𝑏3) − 𝑏1(𝑏1𝑏4 − 𝑏5)) −

𝑏5(𝑏2(𝑏1𝑏2 − 𝑏3) − (𝑏1𝑏4 − 𝑏5)) + 2𝑏6𝑏1(𝑏1𝑏2 −

𝑏3)) − 𝑏6(𝑏3(𝑏3(𝑏1𝑏2 − 𝑏3) − 𝑏1(𝑏1𝑏4 − 𝑏5) −

𝑏1
2𝑏2𝑏3)) > 0. 

Sensitivity analysis 
Sensitivity analysis can help analyze the 

parameters that influence the spread of 
disease. The normalized forward sensitivity 
index of a variable ℛ0, depends on a parameter 
𝑝, that is defined in Chitnis et al. [10]. 

Ω𝑝
ℛ0 =

𝜕ℛ0
𝜕𝑝

×
𝑝

ℛ0
, (7) 

where 𝑝 is one of the parameters whose 
sensitivity on ℛ0 is sought. This index implies 
that the higher the value, the more sensitive ℛ0 
is to the parameter. The positive (or negative) 
of the index indicates the increases (or 
decreases) of ℛ0 as 𝑝 increase. Based on the 
parameter values given in Table 2, we get ℛ0 =
6.238762263 . The sensitivity index of the 
parameters to ℛ0 given in Table 3. 

Table 2. Parameter values and sources 

Parameters Value Sources 

Λ 40 [9] 
𝛽𝐼 0.55 [8] 
𝛽𝐻 0.05 Estimated 
𝛽𝑉 0.3 [8] 
𝜃 0.61 [9] 
𝛼 0.08 [9] 
𝜖 0.37 [9] 
𝜈 0.08 [9] 
𝑟𝐼 0.2 [9] 
𝑟𝐻 0.65 [9] 
𝛾𝐼 0.1 [8] 
𝛾𝐻 0.05 Estimated 
𝑑 0.011 Estimated 
𝜇 0.5 Estimated 
𝜔 0.172 [8] 
𝜌 0.05 Estimated 

Table 3. Sensitivity index to ℛ0 

Parameters Sensitivity index to ℛ0 

𝜇 -2.07027958 

Λ 1 

𝛽𝑉 0.621457651 

𝜔 -0.621457651 

𝜃 -0.592079059 

𝛼 0.45676089 

𝛾𝐻 0.383349503 

𝛽𝐼 0.2928254 

𝑟𝐻 -0.26261257 

𝛾𝐼 0.238108148 

𝑟𝐼 -0.136781648 

𝛽𝐻 0.085716949 

𝜖 0.0695549 

𝜈 -0.044674791 

𝑑 -0.011967203 

For our proposed COVID-19 epidemic model 
(1), we follow the analysis done by Chitnis et al. 
[10]. A positive sensitivity index indicates an 
increase in the parameter leads to an increase 
of ℛ0, while a negative sensitivity index 
indicates an increase in the parameter leads to 
a decrease of ℛ0. Among these parameters, 
Λ, 𝛽𝑉 , 𝛽𝐼 , 𝛾𝐻 , 𝛾𝐼 , 𝛼, 𝜖, and 𝛽𝐻 have the positive 
index and 𝜇, 𝜔, 𝜃, 𝑟𝐻 , 𝑟𝐼 , 𝜈, and 𝑑 have the 
negative index. Thus, the sensitivity analysis 
results show 𝜇, Λ, 𝛽𝑉 , and 𝜔 are the most 
influential parameters for proposed model (1).  

In Table 4 and Table 5, we show the 
influences of the increase (or decrease) of 
parameters to ℛ0. The positive sensitivity index 
given in Table 4 shows that with an increase (or 
decrease) of one parameter, the ℛ0 will get an 
addition (or reduction) and the endemic rate 
will increase (or decrease). The negative 
sensitivity index given in Table 5 shows that 
with an increase (or decrease) of one 
parameter, the ℛ0 will get a reduction (or 
addition) and the endemic rate will decrease 
(or increase). 
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Disease-free equilibrium Endemic equilibrium 
𝑏1 = 𝜔 + 𝑘1 + 𝑘2 + 𝑘3 

𝑏2 = 𝜔(𝑘1 + 𝑘2 + 𝑘3) + 𝑘1(𝑘2 + 𝑘3) + 𝑘2𝑘3

−
Λ

𝜇
(1 − 𝜃)(𝛼𝛽𝐼 + 𝜖𝛽𝐻) 

𝑏3 = 𝑘1𝑘2𝑘3 +𝜔(𝑘1(𝑘2 + 𝑘3) + 𝑘2𝑘3)

−
Λ

𝜇
(1 − 𝜃)(𝛼(𝜈𝛽𝐻 + (𝜔 + 𝑘3)𝛽𝐼)

+ 𝜖𝛽𝐻(𝜔 + 𝑘2)) − 𝛽𝑉(𝛼𝛾𝐼 + 𝜖𝛾𝐻) 

𝑏4 = 𝜔𝑘1𝑘2𝑘3 −
Λω

𝜇
(1 − 𝜃)(𝛼(𝜈𝛽𝐻 + 𝑘3𝛽𝐼) + 𝜖𝑘2𝛽𝐻)

− 𝛼𝛽𝑉(𝛾𝐻(𝜈 + 𝑘2) + 𝛾𝐼𝑘3) 
 
 

𝑏4 = 𝜇(𝜔(𝑘1(𝑘2 + 𝑘3 + 𝑘4) + 𝑘2(𝑘3 + 𝑘4) + 𝑘3𝑘4)

+ 𝑘1𝑘2(𝑘3 + 𝑘4) + 𝑘3𝑘4(𝑘1 + 𝑘2))

+ 𝜔(𝑘1(𝑘2(𝑘3 + 𝑘4) + 𝑘3𝑘4)

+ 𝑛1(𝑘1(𝑘2 + 𝑘3 + 𝑘4) + 𝑘2(𝑘3 + 𝑘4)

+ 𝑘3𝑘4))

+ 𝑛1(𝑘1𝑘2(𝑘3 + 𝑘4)

+ 𝑘3𝑘4(𝑘1 + 𝑘2)) + 𝑘1𝑘2𝑘3𝑘4
− 𝛼(𝜇(𝑛2(𝜔 + 𝑘3 + 𝑘4) + 𝑛3𝜈

+ 𝛽𝑉𝛾𝐼) + 𝜈(𝑛3(𝜔 + 𝑘4) + 𝛽𝑉𝛾𝐻)

+ 𝜔𝑛2(𝑘3 + 𝑘4))

− 𝜖(𝜇(𝑛3(𝜔 + 𝑘2 + 𝑘4) + 𝛽𝑉𝛾𝐻)
+ 𝜔𝑛3(𝑘2 + 𝑘4) + 𝛽𝑉𝛾𝐻(𝑘2 + 𝑘4)
+ 𝑛3𝑘2𝑘4 + ñ𝑛1𝑟𝐻), 

𝑏5 = 𝜇𝜔(𝑘1𝑘2(𝑘3 + 𝑘4) + 𝑘3𝑘4(𝑘1 + 𝑘2))

+ (𝜇 + 𝜔 + 𝑛1)𝑘1𝑘2𝑘3𝑘4
+ 𝜔𝑛1(𝑘1𝑘2(𝑘3 + 𝑘4)

+ 𝑘3𝑘4(𝑘1 + 𝑘2))

− 𝛼(𝜇(𝜈(𝑛3(𝜔 + 𝑘4) + 𝛽𝑉𝛾𝐻)

+ (𝜔𝑛2 + 𝛽𝑉𝛾𝐼)(𝑘3 + 𝑘4) + 𝑛2𝑘3𝑘4)
+ 𝜈(𝑘4(𝑛3𝜔 + 𝛽𝑉𝛾𝐻) + 𝜌𝑛1𝑟𝐻)
+ 𝜔(𝜌𝑛1𝑟𝐼 + 𝑛2𝑘3𝑘4)

+ 𝑘3(𝜌𝑛1𝑟𝐼 + 𝛽𝑉𝛾𝐼𝑘4))

− 𝜖 (𝜇((𝜔𝑛3 + 𝛽𝑉𝛾𝐻)(𝑘2 + 𝑘4)

+ 𝑛3𝑘2𝑘4) + 𝜔(𝜌𝑛1𝑟𝐻 + 𝑛3𝑘3𝑘4)

+ 𝑘2(𝜌𝑛1𝑟𝐻 + 𝛽𝑉𝛾𝐻𝑘4)), 

𝑏6 = 𝜔(𝑘1𝑘2𝑘3𝑘4(𝜇 + 𝑛1))

− 𝛼 (𝜇 (𝑘4(𝜈(𝜔𝑛3 + 𝛽𝑉𝛾𝐻)

+ 𝑘3(𝜔𝑛2 + 𝛽𝑉𝛾𝐼)))

+ 𝜔𝜌𝑛1(𝜈𝑟𝐻 + 𝑘3𝑟𝐼))

− 𝜖(𝑘2(𝜇𝑘4(𝜔𝑛3 + 𝛽𝑉𝛾𝐻)

+ 𝜔𝜌𝑛1𝑟𝐻)). 

Endemic equilibrium 
𝑏1 = 𝜇 + 𝜔 + 𝑛1 + 𝑘1 + 𝑘2 + 𝑘3 + 𝑘4, 
𝑏2 = 𝜇(𝜔 + 𝑘1 + 𝑘2 + 𝑘3 + 𝑘4)

+ 𝜔(𝑛1 + 𝑘1 + 𝑘2 + 𝑘3 + 𝑘4)
+ 𝑘1(𝑘2 + 𝑘3 + 𝑘4) + 𝑘2(𝑘3 + 𝑘4)
+ 𝑘3𝑘4 + 𝑛1(𝑘1 + 𝑘2 + 𝑘3 + 𝑘4)
− 𝛼𝑛2 − 𝜖𝑛3, 

𝑏3 = 𝜇(𝜔(𝑘1 + 𝑘2 + 𝑘3 + 𝑘4) + 𝑘1(𝑘2 + 𝑘3 + 𝑘4)
+ 𝑘2(𝑘3 + 𝑘4) + 𝑘3𝑘4)
+ 𝜔(𝑛1(𝑘1 + 𝑘2 + 𝑘3 + 𝑘4)
+ 𝑘1(𝑘2 + 𝑘3 + 𝑘4) + 𝑘2(𝑘3 + 𝑘4)

+ 𝑘3𝑘4) + 𝑘1(𝑘2(𝑘3 + 𝑘4))

+ 𝑘3𝑘4(𝑘1 + 𝑘2)
+ 𝑛1(𝑘1(𝑘2 + 𝑘3 + 𝑘4)
+ 𝑘2(𝑘3 + 𝑘4) + 𝑘3𝑘4)
− 𝛼(𝑛2(𝜇 + 𝜔 + 𝑘3 + 𝑘4) + 𝜈𝑛3
+ 𝛽𝑉𝛾𝐼)
− 𝜖(𝑛3(𝜇 + 𝜔 + 𝑘2 + 𝑘4) + 𝛽𝑉𝛾𝐻), 

Box 1

Numerical simulations 
This section aids in predicting the stability of 

the model (1) numerically using the fourth-
order Runge-Kutta method with the help of 
MATLAB software. The numerical simulations 
are used to verify the analytical results. 

Table 4.  Influences of the positive sensitivity index 
parameters to ℛ0 

No. 
Parameter 
(𝒑) 

𝓡𝟎 value 

𝒑 + 𝟏𝟎% 𝒑 − 𝟏𝟎% 

1. Λ 6.862638485 5.614886035 

2 𝛽𝑉 6.626474917 5.851049609 

3. 𝛼 6.521344877 5.951379936 

4. 𝛾𝐻 6.477924903 5.999599620 

5. 𝛽𝐼 6.421449069 6.056075458 

6. 𝛾𝐼 6.387312276 6.090212250 

7. 𝛽𝐻 6.292239030 6.185285497 

8. 𝜖 6.280529198 6.193610053 

Table 5.  Influences of the negative sensitivity index 
parameters to ℛ0 

No. 
Parameter 
(𝒑) 

𝓡𝟎 value 

𝒑 + 𝟏𝟎% 𝒑 − 𝟏𝟎% 

1. 𝜇 5.110513732 7.738847295 

2. 𝜔 5.886296211 6.6695541 

3. 𝜃 5.869378215 6.608146312 

4. 𝑟𝐻 6.083610862 6.412316656 

5. 𝑟𝐼 6.155531881 6.326310693 

6. 𝜈 6.211169788 6.266918568 

7. 𝑑 6.231305433 6.246237566 

Simulation on disease-free equilibrium points 
The parameters used for this simulation is 

from Table 2 except 𝑑 = 0.5, 𝜇 = 0.8, 𝜔 =
1.72, and 𝛽𝑉 = 0.03 with ℛ0 =
0.5942745861 < 1. The disease-free 

equilibrium point 𝑌0 = (
Λ

𝜇
, 0,0,0,0,0) =

(50,0,0,0,0,0). 
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Local stability analysis based on Routh-
Hurwitz criterion where 
i) 𝑏1 = 6.5 > 0 and 𝑏4 = 2.7539565 > 0, 

ii) ℎ1 = 81.832575 > 0, 

iii) ℎ2 = 897.8537228 > 0. 

where 𝑏2 = 14.49635, and 𝑏3 = 12.3937.  

These show that Routh-Hurwitz criterion is 
fulfilled and the characteristics polynomial have 
negative real parts. 

Figure 2 shows that using initial condition 
𝑁𝐴 = (100,60,20,20,10,50), the susceptible 
subpopulation ends at equilibrium point 50, 
and the other subpopulations end at 
equilibrium points. It means that the numerical 
simulation approve of the analytical results. 

 
Figure 2. Numerical simulation when ℛ0 < 1 

Simulation on endemic equilibrium points 
The parameters used for this simulation is 

from Table 2 with ℛ0 = 6.238762263 > 1. 𝑌∗ 
exists where 𝑘1𝜇 < Λ(𝑎4 + 𝑎5) = 0.475 <
2.963412073 and 𝑎3 < 𝑘1 =
0.02108240255 < 0.95. Based on those 
parameters we get the endemic equilibrium  

𝑌∗ = (𝑆∗, 𝐸∗, 𝐼∗, 𝐻∗, 𝑅∗, 𝑉∗)
= (12.82305634, 36.15872058, 3.657013458,  

11.77544159, 15.24625405, 5.549264101). 

Local stability analysis based Routh-Hurwitz 
criterion where 
i) 𝑏1 = 6.802829728 > 0 and  

𝑏6 = 0.24046706 > 0, 
ii) ℎ3 = 91.79853862 > 0, 
iii) ℎ4 = 1209.367776 > 0, 
iv) ℎ5 = 8872.761805 > 0, 
v) ℎ6 = 93025.31869 > 0. 

where 𝑏2 = 16.17011194, 𝑏3 = 18.20397962,       

𝑏4 = 18.20397962, and 𝑏5 = 2.705938479.  

These show that Routh-Hurwitz criterion is 
fulfilled and the characteristics polynomial have 
negative real parts. Figure 3 shows that using 
initial condition 𝑁𝐴 = (100,60,20,20,10,50), 
all of the subpopulations end at the equilibrium 
point 𝑌∗. It means that the numerical 
simulation approves the analytical results. 

 
Figure 3. Numerical simulation when ℛ0 > 1 

Numerical simulations of the influences of the 
changed parameters to 𝑬 and 𝑰 

From the sensitivity analysis, we got 
parameters that have influences on ℛ0. Here, 
we give numerical simulations for the high 
sensitivity index and the low sensitivity index to 
see which one has the gretest influence on the 
population. 

It can be seen that in Figure 4 and Figure 5, 
when 𝛽𝑉 value is increased, ℛ0 will increase 
from 6.238762263 to 6.626474917 and the 
subpopulations of 𝐸 and 𝐼 also increase. When 
𝛽𝑉 value is decreased then ℛ0 will decrease to 
5.851049609 and the subpopulations of 𝐸 and 𝐼 
also decrease. 

In Figure 6 and Figure 7, when 𝛽𝐻 value is 
increased, ℛ0 will increase from 6.238762263 
to 6.292239030 and the subpopulations of 𝐸 
and 𝐼 also increase. When  𝛽𝑉 value is 
decreased then ℛ0 will decrease to 
6.185285497 and the subpopulations of 𝐸 and 𝐼 
also decrease. 

 
Figure 4. Influence of 𝛽𝑉 to 𝐸 

 
Figure 5. Influence of 𝛽𝑉 to 𝐼 
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Figure 6. Influence of 𝛽𝐻 to 𝐸 

 
Figure 7. Influence of 𝛽𝐻 to 𝐼 

From the description above, we can 
conclude as follows. 𝛽𝑉, as a parameter with 
higher sensitivity index, have a more significant 
influences to the increase (or decrease) of ℛ0 
for each change of parameter value than 𝛽𝐻 
that has lower sensitivity index. 

CONCLUSION 
In this paper, we have proposed and 

investigated a mathematical model of the 
COVID-19 epidemic involving viruses in the 
environment. This model has been used to 
describe the transmission in the dynamics of 
the infection and affirms the role of the virus in 
the environment to the spread of COVID-19 
disease. The model is numerically simulated to 
aid the analytical results that have been done. 
We have proposed a detailed analysis of the 
model, including the derivation of equilibrium 
points, disease-free and endemic, and the basic 
reproduction number ℛ0. The local stability 
analysis of the model fulfilled the Routh-
Hurwitz criterion and the sensitivity analysis 
was also done to know the parameters that 
have more influence on ℛ0. The numerical 
simulations are used to aid and approve the 
analytical results and prove the sensitivity 
analysis of the model's parameters. The 
simulations show that 𝛽𝑉 has more influences 
on ℛ0 for it has a more sensitivity index than 
𝛽𝐻. 
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Abstract 
The government's program to achieve rabies-free status by 2030 is an initiative to accelerate the eradication of 
rabies cases in Indonesia. Rabies is a highly contagious disease with a 100% fatality rate, and dogs are the main 
carriers of the virus. The government's efforts to minimize rabies cases include vaccination of susceptible animals, 
eliminating rabid dogs, and implementing dog population management (MPA). Field observations indicate that the 
practice of releasing domestic dogs allowing them to roam freely, has led to an increase in rabies cases. Using 
mathematical modeling, this husbandry system's impact can be simulated. Based on the model analysis, it is 
determined that a maximum of 15% of domestic dogs should be allowed to roam freely. If this threshold is 
exceeded, it becomes necessary to ensure a minimum of 20% vaccination coverage and eliminate at least 1% of 
rabid dogs. 

Keywords: Dogs, Rabies Disease, Releasing Domestic Dogs. 
 

INTRODUCTION 
The national government's program is to 

make Indonesia rabies-free by 2030. However, 
in 2019, the number of provinces declared 
rabies-free decreased from the previous year, 
with only 8 out of 9 provinces declared rabies-
free in 2018 [1]. This information highlights the 
government's seriousness in eradicating rabies 
to achieve the national program's goal. 
Government efforts to prevent rabies 
transmission include vaccination of susceptible 
animals, elimination of animals suspected of 
being exposed to rabies, and the 
implementation of dog population 
management (MPA). 

Dogs are known as the main rabies 
transmitters, and the virus is fatal to all 
mammal species [2]. Out of 150 countries 
worldwide, in Asia and Africa, more than 95% 
of rabies deaths occur, with 40% being children 
under 15 years old. The total number of rabies-
related deaths is approximately 59,000 people 
per year, with 99% of them caused by dog 
bites [3]. In Indonesia, the number of deaths 
due to rabies is still relatively high, ranging 
from 100 to 156 deaths per year, with an 
almost 100% fatality rate [4]. From 2015 to 
2019, there were 404,306 recorded cases of 
rabies bites, resulting in 544 deaths. 
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Regarding rabies incidence rates from 2018 
to 2020, Bali has been identified as one of the 
regions with the highest incidence rates, with 
26,130 cases in 2018, 37,372 cases in 2019, 
and almost 27,000 in 2020 [5]. A large number 
of stray dogs in Bali contributes to the 
increased spread of rabies, likely due to a lack 
of public education on responsible dog 
ownership [6]. As reported in 2021 [5], out of 
96 people bitten by dogs in Kuta Utara Sub-
district, 70% of them were bitten by stray dogs. 
Given these circumstances, further research is 
needed to analyze a mathematical model of 
the spread of rabies in the context of releasing 
domestic dogs. 

The phenomena occurring in the 
development of rabies in dogs can be 
described through mathematical modeling. 
Analysis can be conducted analytically and 
through numerical simulation approaches. The 
analytical approach allows for obtaining exact 
solutions that closely approximate the actual 
solutions. It is crucial to understand the 
model's properties and the effects of the 
involved parameters, especially in the case of 
releasing dogs. By analyzing the differential 
equations analytically, we can identify the 
relationships between the involved 
subpopulations, determine equilibrium points, 
study the system's stability properties, and 
analyze the model's behavior. Once the 
analytical solutions are obtained, it is essential 
to complement them with numerical 
simulation approaches. We can obtain good 
approximations of the system's solutions 
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numerically with numerical methods, even 
when no analytical solutions are known. This 
approach allows us to model a more 
comprehensive system by considering a more 
significant number of parameters and 
conditions that occur in real-life situations. 

This research utilizes a combination of 
quantitative data analysis and mathematical 
modeling. Epidemiological data on dog rabies 
cases, vaccination coverage, and dog 
demographics were collected from the 
affected area and used as comparative data. 
The data used in this study is the rabies cases 
data in dogs obtained from the Bali Provincial 
Department of Agriculture, 2008-2018 [7]. A 
mathematical model was developed to 
simulate the dynamics of rabies transmission in 
the context of releasing domestic dogs.  

Self-modeling of rabies has been widely 
conducted, including [8], who introduced a 
simple model of rabies in dogs in Bali. The 
model consists of two compartments, namely 
𝑆 for healthy dogs and 𝐼 for rabid dogs. The 
analysis results not only suggest the 
administration of vaccines to reduce the 
spread of rabies but also the need to limit the 
birth rate in the population of healthy dogs.  

Based on the recommendations of a 
previous study [8], a model can be developed 
by dividing the dog population into two 
groups, stray dogs and domestic dogs, based 
on the level of interaction of each group. In 
2018, a research [9] further developed the 
model proposed [8] by adding a vaccinated 
compartment (𝑉), resulting in a model with 
three compartments. The analysis results 
indicated the need to reduce the birth rate and 
increase vaccination to reduce rabies 
transmission. Hailemichael et al. [10] discuss 
the population dynamics of rabies in dogs by 
dividing them into two categories: stray and 
domestic dogs. The basic model used is 𝑆𝐸𝐼𝑉, 
resulting in a model consisting of eight 
compartments: four for stray dogs and four for 
domestic dogs. The model assumes that only 
stray dogs can transmit the disease and rabies 
is incurable. The designed model goes beyond 
a typical model by incorporating vaccination 
control and elimination measures. An effective 
method is to combine two measures: 
vaccination and elimination of rabies-infected 
dogs to reduce the spread of the rabies virus. 
The birth rate of the susceptible dog 
population, both domestic and stray dogs, is 
also an essential factor in the spread of rabies. 

The mathematical model in this study is a 

development of the model proposed by Fitri et 
al. [8], dividing the dog population into two 
groups: domestic dogs and stray dogs, like the 
developed model by Nugraha et al. [6]. Then, 
the model is developed by adding a 
subpopulation of vaccinated/immune dogs, 
both domestic and stray, so that the model 
becomes similar to Roberta et al. [9]. The 
development of the model can help 
understand the impact of vaccination on the 
dog population. The designed model consists 
of four nonlinear differential equations. The 
impact of releasing domestic dogs and the 
influence of prevention measures such as 
vaccination and elimination are analyzed in the 
model. The study concludes with numerical 
simulations using the fourth-order Runge-Kutta 
method to strengthen the analytical results. 

MATERIALS AND METHODS 
This research utilizes a nonlinear differential 

equation approach to model a system involving 
the interaction (physical contact) between 
susceptible and infected subpopulations of 
dogs. This is because physical contact between 
susceptible and infected dogs can pose a risk 
for disease transmission. The interactions 
between subpopulations in the model are often 
nonlinear, meaning that changes in one 
subpopulation can affect the changes in other 
subpopulations. Therefore, this study employs 
a nonlinear differential equation approach to 
understand the development of the rabies 
subpopulations. Figure 1 shows cases of rabies 
in dogs in Bali from 2008 to 2018. The data is 
used as comparative data. 

 
 

 
 

 

 
Figure 1. Rabid dogs in Bali, 2008-2018 

Construction Model 
In this study, the rabies transmission model 

in dogs consists of two population groups: stray 
dogs and domestic dogs. Each population group 
consists of susceptible and infected 
subpopulations. Both population groups 
assume there is interaction and only stray dogs 
can transmit the rabies disease. The model is 
expressed in the form of a nonlinear 
autonomous system. 

The presence of released domestic dogs 
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contributes to the increasing population of 
stray dogs, especially those susceptible to 
rabies. A mathematical model was developed 
to simulate the dynamics of rabies 
transmission in the population of released 
domestic dogs. By analyzing this model, we 
can determine the threshold level of released 
domestic dogs to prevent increased rabies 
cases. If the level of released domestic dogs 
exceeds this threshold, it indicates an endemic 
tendency. Therefore, preventive measures 
such as vaccination and elimination of rabid 
dogs are implemented in this model. 

Determination of the Equilibrium Points 
The equilibrium points of a differential 

equation remain unchanged. Therefore, when 
the solution of a system is constant, 
equilibrium points are obtained. Generally, the 
equilibrium points of the model consist of two 
types: disease-free equilibrium point, which 
represents the extinction of rabies in dogs, and 
endemic equilibrium point, where rabies in 
dogs continues to persist.  

Stability of the Equilibrium Points 
The equilibrium point of a nonlinear model 

is asymptotically stable if the eigenvalues of the 
linearized Jacobian matrix have negative real 
parts.  It is unstable if any of the eigenvalues of 
the linearized Jacobian matrix have positive 
real parts. 

Numerical Simulation 
Numerical simulations are performed to 

strengthen the analytical results and illustrate 
the model's behavior. The simulations are 
conducted using the fourth-order Runge-Kutta 
method. The parameter values and constraint 
level of released domestic dogs are determined 
to verify the results obtained analytically. 

RESULT AND DISCUSSION 
Model Formulation 

Domestic dogs' susceptibility decreases 
when released, resulting in an increase in 
susceptible stray dogs. Both populations also 
increase due to births and decrease due to 
deaths and rabies transmission. Rabies 
transmission occurs through physical contact 
with infected stray dogs. This transmission 
process can be prevented through vaccination 
and elimination. If both susceptible domestic 
and stray dogs are late in prevention during 
transmission, the population of infected stray 
and pet dogs will increase. Rabid dogs, whether 
stray or domestic, decrease due to natural 
deaths. 

Furthermore, we assume the existence of 
four subpopulations: susceptible dogs and dogs 
infected with rabies, each divided into stray 
and domestic dogs. Therefore, the model to be 
designed is similar to the interaction model 
between the two groups. 

The susceptible (𝑆𝑑) and infected (𝐼𝑑) 
subpopulations of domestic dogs: 𝛬𝑑  
represents the recruitment rate of susceptible 
dogs, along with 𝜇𝑑 as the natural death rate. 
𝛽𝑑𝑠 denotes the disease transmission rate 
within this group. The susceptible (𝑆𝑠) and 
infected (𝐼𝑠) subpopulations of stray dogs: 𝛬𝑠 
represents the recruitment rate of susceptible 
dogs (births) and 𝜇𝑠 as the natural death rate. 
The disease transmission rate within this group 
is denoted by 𝛽𝑠𝑠. The rate of domestic dog 
release is donated by 𝜙, resulting in a decrease 
in the susceptible subpopulation of domestic 
dogs and an increase in the susceptible 
subpopulation of stray dogs. The illustration of 
rabies transmission in stray and domestic dogs 
in the context of release is depicted in the 
diagram: 

 
 
 
 
 
 
 
 
 
 

Figure 2.  The compartmental model for rabies 
transmission 

Model Equation 
Based on Figure 2 above, the rabies 

transmission model with the presence of a 
system for releasing domestic dogs is 
formulated as the following system of 
nonlinear differential equations. The following 
Table 1 provides the model parameters along 
with their descriptions: 

𝑑𝑆𝑑
𝑑𝑡

= Λ𝑑 − 𝜙𝑆𝑑 − 𝛽𝑑𝑠𝑆𝑑𝐼𝑠 − 𝜇𝑑S𝑑  

𝑑𝐼𝑑
𝑑𝑡
= 𝛽𝑑𝑠𝑆𝑑𝐼𝑠 − 𝜇𝑑𝐼𝑑  

𝑑𝑆𝑠
𝑑𝑡

= Λ𝑠 + 𝜙𝑆𝑑 − 𝛽𝑠𝑠𝑆𝑠𝐼𝑠 − 𝜇𝑠𝑆𝑠 

𝑑𝐼𝑠
𝑑𝑡
= 𝛽𝑠𝑠𝑆𝑠𝐼𝑠 − 𝜇𝑠𝐼𝑠  

 
 

(1) 

 
 
 

𝜇𝑑 

𝜙 

𝜇𝑠 
 

𝑺𝒅 
𝛽𝑑𝑠 

𝜇𝑑 

Λ𝑠  𝛽𝑠𝑠 𝜇𝑠 

Λ𝑑  

Stray dog’s population 

𝑰𝒔 

𝑰𝒅 

𝑺𝒔 

Domestic dog’s population 
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Table 1. Model Parameter 

Symbol Information Value Source 

Λ𝑑  Number of domestic dog recruitment 120 [10] 
Λ𝑠  Number of stray dog recruitment 32 [10] 
𝛽𝑑𝑠  Rate of stray dog transmission to domestic dogs 0.00027 Assumed 
𝛽𝑠𝑠  Rate of transmission from stray dog to stray dog 0.00054 [8] 
𝜇𝑑 The natural death rate of domestic dogs 0.11 [10] 
𝜇𝑠 The natural death rate of stray dogs 0.24 [10] 
𝜙 The rate of releasing domestic dogs [0,1] Assumed 

 

Disease-Free Equilibrium Points (DFE) 
Equilibrium points when the left-hand of 

system (1) side equals zero are as follows: 
 

Λ𝑑 − 𝜙𝑆𝑑 − 𝛽𝑑𝑠𝑆𝑑𝐼𝑠 − 𝜇𝑑S𝑑 = 0, 
𝛽𝑑𝑠𝑆𝑑𝐼𝑠 − 𝜇𝑑𝐼𝑑 = 0,           

Λ𝑠 + 𝜙𝑆𝑑 − 𝛽𝑠𝑠𝑆𝑠𝐼𝑠 − 𝜇𝑠𝑆𝑠 = 0, 
𝛽𝑠𝑠𝑆𝑠𝐼𝑠 − 𝜇𝑠𝐼𝑠 = 0.           

 
Based on the equation, two equilibrium points 
are obtained: disease-free equilibrium point 
and endemic equilibrium point. The disease-
free equilibrium point   

𝐸0 = (
Λ𝑑

𝜙 + 𝜇𝑑
, 0,
Λ𝑠(𝜙 + 𝜇𝑑) + 𝜙Λ𝑑
(𝜇𝑠)(𝜙 + 𝜇𝑑)

, 0) 

and the endemic equilibrium point are as 
follows. 

𝑆𝑠
∗ =

𝜇𝑠
𝛽𝑠𝑠
, 𝐼𝑠
∗ =

−𝐵 + √𝐵2 − 4𝐴𝐶

2𝐴
, 

𝑆𝑑
∗ =

Λ𝑑
𝛽𝑑𝑠𝐼𝑠

∗ + (𝜙 + 𝜇𝑑)
, 𝐼𝑑
∗ =

𝛽𝑑𝑠
𝜇𝑑
𝑆𝑑
∗𝐼𝑠
∗. 

 

𝐴 = 1, 𝐵 =
𝛽𝑑𝑠(𝜇𝑠)

2+(𝜙+𝜇𝑑)𝜇𝑠−𝛽𝑑𝑠𝛽𝑠𝑠Λ𝑠

𝛽𝑑𝑠𝜇𝑠
, 

 𝐶 =
(𝜙+𝜇𝑑)((𝜇𝑠)

2 −𝛽𝑠𝑠Λ𝑠)−𝛽𝑠𝑠𝜙Λ𝑑

𝛽𝑑𝑠𝜇𝑠
 

Stability Analysis 
The stability of the equilibrium point of 

system (1), namely the equilibrium point 𝐸0, 
will be analyzed. The linear approximation 
obtained in the section around the equilibrium 
points of system (1) can help determine the 
system's stability. The linear approximation of 
system (1) at the equilibrium point 𝐸0 results in 
the Jacobian matrix. 
 
𝐽(𝐸0)

=

(

 
 

−(𝜙 + 𝜇𝑑) 0
0 −𝜇𝑑

        
0         −𝛽𝑑𝑠𝑆𝑑

0

0            𝛽𝑑𝑠𝑆𝑑
0           

      
𝜙           0
0          0

−𝜇𝑠  −𝛽𝑠𝑠𝑆𝑠
0

0     𝛽𝑠𝑠𝑆𝑠
0 − 𝜇𝑠 )

 
 

 

 

The characteristic values at this equilibrium 
point are given by:  

||

𝜆 + (𝜙 + 𝜇𝑑) 0
0 𝜆 + 𝜇𝑑

     
0               𝛽𝑑𝑠𝑆𝑑

0

0             −𝛽𝑑𝑠𝑆𝑑
0          

 
−𝜙                 0
0              0

𝜆 + 𝜇𝑠 𝛽𝑠𝑠𝑆𝑠
0

0 𝜆 − (𝛽𝑠𝑠𝑆𝑠
0 − 𝜇𝑠)

 || = 0. 

The resulting eigenvalues are: 

𝜆1 = −(𝜙 + 𝜇𝑑), 
𝜆2 = −𝜇𝑑, 
𝜆3 = −𝜇𝑠, 
𝜆4 = 𝛽𝑠𝑠𝑆𝑠

0 − 𝜇𝑠. 

All four eigenvalues are real numbers, so for 
the equilibrium point 𝐸0 to be stable, fourth 
characteristic values must be negative. Since 
𝑆𝑠
0 > 0, we have 𝜆4 = 𝛽𝑠𝑠𝑆𝑠

0 − 𝜇𝑠 < 0, which 

implies that 
𝛽𝑠𝑠(Λ𝑠(𝜙+𝜇𝑑)+𝜙Λ𝑑)

(𝜙+𝜇𝑑)(𝜇𝑠)
2 < 1. Thus, based 

on stability theory, the equilibrium point 𝐸0 is 
locally asymptotically stable if  

𝜙 <
𝜇𝑑((𝜇𝑠)

2 − 𝛽𝑠𝑠Λ𝑠)

𝛽𝑠𝑠(Λ𝑑+Λ𝑠) − (𝜇𝑠)
2
. 

If this is fulfilled, it can be said that rabies in 
dogs will experience extinction. 

Model with Intervention 
If interventions such as vaccination of 

susceptible dogs against rabies (𝜈𝑑 = 𝜈𝑑 = 𝜈) 
and elimination (𝜉𝑑 = 𝜉𝑠 = 𝜉) of rabid dogs are 
implemented, the two interventions are 
described as follows. 𝜈𝑑  represents vaccination 
in domestic dogs, and 𝜈𝑠 represents vaccination 
in stray dogs (assuming it remains constant). 
These interventions are periodically given 
according to the vaccination schedule, ensuring 
that the level of immunity against rabies in 
dogs is maintained. The elimination 𝜉𝑑  is 
implemented in the infected subpopulation of 
domestic dogs, while in stray dogs, infected 
subpopulations receive the intervention 𝜉𝑠. The 
compartmental model with intervention in the 
diagram:
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Figure 3. The compartmental model for rabies transmission with intervention 

Model (1) becomes the following system. 

𝑑𝑆𝑑
𝑑𝑡

= Λ𝑑 − 𝜙𝑆𝑑 − 𝛽𝑑𝑠𝑆𝑑𝐼𝑠 − 𝜇𝑑S𝑑 − 𝑣𝑑S𝑑  

𝑑𝐼𝑑
𝑑𝑡
= 𝛽𝑑𝑠𝑆𝑑𝐼𝑠 − 𝜇𝑑𝐼𝑑 − 𝜉𝑑𝐼𝑑  

𝑑𝑉𝑑
𝑑𝑡

= 𝑣𝑑𝑆𝑑 − 𝜇𝑑𝑉𝑑  

𝑑𝑆𝑠
𝑑𝑡

= (1 − 𝑣𝑠)Λ𝑠 + 𝜙𝑆𝑑 − 𝛽𝑠𝑠𝑆𝑠𝐼𝑠 − 𝜇𝑠𝑆𝑠 

𝑑𝐼𝑠
𝑑𝑡
= 𝛽𝑠𝑠𝑆𝑠𝐼𝑠 − 𝜇𝑠𝐼𝑠 − 𝜉𝑠𝐼𝑠  

𝑑𝑉𝑠
𝑑𝑡
= 𝑣𝑠Λ𝑠 − 𝜇𝑠𝑉𝑠 

 
 

(2) 

 

The first and second equations of system (2) 
do not depend on the variable 𝑉𝑑, and the 
fourth and fifth equations of system (2) do not 
depend on the variable 𝑉𝑠. it is sufficient to 
analyze the dynamics using only the first, 
second, fourth, and fifth equations of system 
(2). Similarly processed, system (2) produces 
two equilibrium points.  

The equilibrium points are disease-free and 
endemic. The disease-free equilibrium point 

 𝐸0 = (𝑆𝑑
0, 0, 𝑆𝑠

0, 0), with  

𝑆𝑑
0 =

Λ𝑑 + 𝛼

𝜙 + 𝜈𝑑 + 𝜇𝑑
 

𝑆𝑠
0 =

(1 − νs)Λ𝑠(𝜙 + 𝜈𝑑 + 𝜇𝑑) + 𝜙Λ𝑑
𝜇𝑠(𝜙 + 𝜈𝑑 + 𝜇𝑑)

 

The stability of the disease-free equilibrium 
point is determined by substituting 𝑆𝑠

0  into the 

equations 𝛽𝑠𝑠𝑆𝑠
0 − (𝜇𝑠 + 𝜉𝑠).  If 𝑆𝑠

0 <
(𝜇𝑠+𝜉𝑠)

𝛽𝑠𝑠
, 

then this equilibrium point is asymptotically 
stable, meaning rabies in dogs will be 
eradicated. To ensure this condition is met, the 
following must be fulfilled: 

(1 − νs)Λ𝑠(𝜙 + 𝜈𝑑 + 𝜇𝑑) + 𝜙(Λ𝑑 + 𝛼)

𝜇𝑠(𝜙 + 𝜈𝑑 + 𝜇𝑑)
<
𝜇𝑠 + 𝜉𝑠

𝛽𝑠𝑠
 

Therefore, if interventions are applied to 
the model, the constraint on the rate of 
releasing domestic dogs will change according 
to the magnitude of the interventions 
performed (vaccination and elimination). It 
indicates that if the releasing domestic dogs’    
rate exceeds the limit, actions must be taken 
on the model to prevent rabies from spreading 
in dogs, with the following magnitudes. 

1. 𝜉𝑠 >
𝛽𝑠𝑠𝜙Λ𝑑

𝜇𝑠(𝜙+𝜈𝑑+𝜇𝑑)
+
𝛽𝑠𝑠(1−νs)Λ𝑠−𝜇𝑠

2

𝜇𝑠
 

2. 𝜈𝑑 >
𝛽𝑠𝑠𝜙Λ𝑑

𝜇𝑠(𝜇𝑠+𝜉𝑠)−𝛽𝑠𝑠(1−νs)Λ𝑠
− (𝜙 + 𝜇𝑑) 

3. νs > 1 − (
𝜇𝑠(𝜇𝑠+𝜉𝑠)

𝛽𝑠𝑠Λ𝑠
+

𝜙Λ𝑑

Λ𝑠(𝜙+𝜈𝑑+𝜇𝑑)
) 

Numerical Simulation 
To strengthen the analysis results, 

numerical simulations are conducted using 
fourth-order Runge-Kutta method. The initial 
values used are presented in Table 2. 

 

𝜈𝑑  
𝜇𝑑 

𝜈𝑠Λ𝑠  

𝜇𝑠 

𝜇𝑑 + 𝜉𝑑  

𝜙 

𝜇𝑠 
 

𝑺𝒅 
𝛽𝑑𝑠 

𝜇𝑑 

(1 − νs)Λ𝑠  𝛽𝑠𝑠 𝜇𝑠 + 𝜉𝑠 

Λ𝑑  

Stray dog’s population 

𝑰𝒔 

𝑰𝒅 

𝑺𝒔 

Domestic dog’s population 

𝑽𝒅 

𝑽𝒔 
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Table 2. The initial value 

Symbol Value Source 

𝑆𝑑 3200 [10] 
𝑆𝑠 15 [10] 
𝐼𝑑 2800 [10] 
𝐼𝑠 20 [10] 

 
The parameter values for the numerical 

simulation are provided in Table 2, resulting in 
the constraint 𝜙 = 15%. The numerical 
simulation is conducted based on various 
values of (𝜙) to observe the model trends 
without any intervention. If 𝜙 < 15%, the 
system exhibits local and global asymptotic 
stability towards the disease-free equilibrium 
point 𝐸0, while if  𝜙 > 15%, the equilibrium 
point 𝐸0 is unstable. The simulation results are 

presented 𝜙 in Figure 4, with variations in the 
value of {0%, 10%, 25%, 50%}. 

The simulation results show differences in 
the solution curves when the value of 𝜙 < 15% 
and 𝜙 > 15%. If 𝜙 < 15%, the curves 
converge to the disease-free equilibrium point, 
while if 𝜙 < 15%, the curves converge to the 
endemic equilibrium point. Thus, rabies in dogs 
will be eliminated when the percentage of free-
roaming domestic dogs is less than 15%. If it 
exceeds this threshold, preventive measures 
such as vaccination or elimination of rabies-
exposed dogs are necessary. Furthermore, if 
the percentage of free-roaming domestic dogs 
is set at 𝜙 = 50%, the role of vaccination 𝜈𝑑 =
𝜈𝑠 = 𝜈 or elimination 𝜉𝑑 = 𝜉𝑠 = 𝜉 is illustrated 
in Figure 5. 

 

 

 

 

 

 

 

 

 

 

Figure 4. The numerical simulation results of system (1) with variations on the rate of releasing domestic dogs on the 
(a) Infected domestic dog population and (b) infected stray dog population 

 

 
 

 

 

 

                                                   

 

 

                                                                                              

Figure 5. The impact of vaccination (a) and elimination (b) on rabies in dogs can be significant 

Figure 5 (a) illustrates the impact of 
vaccination on the rabies dog subpopulation, 
while Figure 5 (b) depicts the effect of 
eliminating rabid dogs. When the value of 𝜙 >
15%, in order to reduce the spread of rabies, it 
is necessary to carry out a minimum vaccination 
rate of 𝜈 > 20% or a minimum elimination of 

rabid dogs of 𝜉 > 1%. 

CONCLUSION 
Based on the model's simulation results, the 

system of releasing domestic dogs plays a 
crucial role in the spread of rabies. It is evident 
when the parameters in the designed model 
are given, as there is a limit to the rate of 

(a) (b) 

(a) (b) 
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domestic dog roaming. If the roaming rate 
exceeds this limit, it indicates the occurrence of 
rabies transmission. In such conditions, 
preventive measures such as vaccination or 
elimination of domestic and stray rabid dogs 
are necessary. 
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URL: https://doi.org/10.21776/ub.jels.2023.013.02.10 

 

This is a corrigendum to the article Morphological Variation of Asian Small Lizards genus Tytthoscincus Linkem, Diesmos & 
Brown (Squamata : Scincidae) in Indonesia published online on 2023-08-03 by The Journal of Experimental Life Science 
(jels.ub.ac.id) with DOI: https://doi.org/10.21776/ub.jels.2023.013.02.05 [1]. 

The following is the correction for Table 1. 

1. Character SVL on the second line should be TD/SVL 
2. Added information/notes that all measurements are in millimeters 

The corrected Table 1 is below. 

Table 1.  Mean values and Kruskal-Wallis test statistics on variation in morphometric ratios between OTUs and 
comparison of meristic characters.  

Character 
OTU 

X2 P-value T. temmincki 
type1 

T. temmincki 
type2 

T. textus 
type1 

T. textus type2 T. parvus 

N type 1 (n=3) type 2 (n=2) type 1(n=12) type 2 (n=4) (n=11) 

HdL/SVL 0.203 ± 0.007 0.221 ± 0.017 0.200 ± 0.013 0.206 ± 0.014 0.205 ± 0.015 4.0686 0.3968 
TD/SVL 0.033 ± 0.004* 0.033 ± 0.003* 0.034 ± 0.003* 0.040 ± 0.003* 0.024 ± 0.003* 24.825* 5.456e-05* 
AXG/SVL 0.545 ± 0.024 0.479 ± 0.103 0.562 ± 0.020 0.536 ± 0.036 0.546 ± 0.025 6.1551 0.1879 
FL/SVL 0.185 ± 0.012 0.175 ± 0.005 0.159 ± 0.016 0.173 ± 0.013 0.158 ± 0.016 8.0561 0.08954 
HL/SVL 0.283 ± 0.043 0.229 ± 0.013 0.251 ± 0.024 0.272 ± 0.021 0.257 ± 0.022 7.3068 0.1205 
TD/HdL 0.164 ± 0.011* 0.148 ± 0.000* 0.170 ± 0.012* 0.196 ± 0.004* 0.116 ± 0.015* 26.624* 2.368e-05* 

Supralabials 8(1), 6(2) 6 6 6 7(1), 6(10) 

 

 

Infralabials 5 5 5 6(1), 5(3) 5 

Supraoculars 4 4 4 4 4 

Loreals 1 2 2 (10), 1(2) 1 1 

Distribution West Java, East 
Java 

West Java Gorontalo, 
Southeast 
Sulawesi, 
Central 
Sulawesi 

South Sulawesi Sulawesi, 
Gorontalo, 
Central 
Sulawesi 

Notes: * significant; HdL = head length, SVL = snout-vent length, TD = tympanum diameter, AXG = axilla groin length, FL = 
forelimb length, and HL = hind limb length. All measurements are in millimeters. 
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