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Non-optimized medical waste treatment can produce biological residues of Bacillus
subtilis and Bacillus stearothermophilus bacteria, which are agents of various diseases.
The first purpose of this study was to determine the difference in the length of contact
time and dose of green betel leaf (Piper betle Linn.) extract on the number of Bacillus sp.
in the medical waste recycling process. This study’s second purpose was to determine the
total Bacillus subtilis and Bacillus stearothermophilus reduction after treatment. This
study’s research design was an experimental design (the after-only design). The
concentrations used were 0.03%, 0.05%, 0.07%, 0.3%, 0.5%, 0.7%, 3%, 5% and 7%, and
contact times of 15, 30, and 45 minutes with 144 samples each. The ANOVA (one-way)
test results showed that there were no differences in the length of contact time and dose
of Piper betle Linn. extract as a disinfectant on the number of Bacillus subtilis in the
medical waste recycling process. The smallest amount of Bacillus sp. was found at a
concentration of 0.05% green betel leaf immersion (330 colonies/ml), and the largest
colonies occurred at a concentration of 3% immersion (658 colonies/ml). The contact
time and concentration of green betel leaves had no difference on the number of Bacillus
sp., but the concentration of 3% showed optimal results in reducing these bacteria.
Antimicrobial Piper betle Linn. content can be developed for further research in the

removal of bacteria or other parasites.

1. INTRODUCTION

During the COVID-19 pandemic, a marked increase in
medical waste quantities was observed worldwide, with daily
global production reaching 2.6 million tons [1, 2]. The World
Health Organization (WHO) declared that high-income
countries generally produce around 0.5kg of medical waste per
hospital bed daily [3]. Conversely, a significant surge in
medical waste was reported in Indonesia, with the daily output
reaching 18,460 tons in June 2021, as per the Indonesian
Ministry of Environment and Forestry (KLHK) and the
Indonesian Hospital Association (PERSI) [4]. This figure
greatly surpasses the country's medical waste treatment
capacity of 314.29 tons/day, with actual services only
managing 244.08 tons/day [5]. Medical waste, originating
from various sources including screening and testing sites,
primary health facilities, hospitals, and quarantine centers,
poses severe health risks if improperly managed [6-8]. Typical
waste constituents encompass medical aprons, masks, face
shields, gloves, medical hoods, syringes, and COVID-19 test
kits [6-8]. Unprocessed medical waste serves as a disease
transmission vector, transforming waste disposal sites into
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breeding grounds for pathogens, insects, and rodents [9]. As
toxic substances, medical waste can cause health
complications and injuries, with dust particles potentially
contaminating medical equipment and food, thereby
exacerbating disease transmission [10-12].

In Indonesia, the predominant method for medical waste
treatment is incineration [13, 14]. However, this practice has
sparked controversy due to the resultant air pollution.
Incineration at temperatures >850°C yields pollutants such as
carbon monoxide (CO), fly ash, heavy metals, nitrogen oxides
(NOy), sulfur dioxide, hydrogen chloride, and organic
compounds [15, 16]. Furthermore, the combustion process
impacts autoclave decontamination and contributes to the
transportation carbon footprint and carbon gas emissions [15,
16]. Despite incinerators being the primary technology
employed for medical waste disposal, their limited availability
poses a significant challenge in Indonesia. As of November
2020, only 111 hospitals were licensed to operate incinerators,
with a mere six utilizing autoclaves [13]. Moreover,
incineration does not fully eliminate medical waste, leaving
behind biological, chemical, or physical residues.

Bacillus sp. is an aerobic bacterium and one of the bacteria
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that can be found in incinerator residue. Bacillus sp. is an
aerobic, secretory, and rod-shaped bacterium. Bacillus subtilis
and Bacillus stearothermophilus are some of the species of
Bacillus sp. found in medical waste. Bacillus subtilis and
Bacillus stearothermophilus are bacteria that are resistant to
heat, radiation, chemicals, drying, and disinfection, making
them difficult to remove from medical waste [17]. Bacillus sp.
bacteria are common causative agents of respiratory, urinary,
wound, burn, and ear infections, as well as ophthalmitis,
abscesses, osteomyelitis, bacteremia/septicemia, endocarditis,
meningitis, and peritonitis. Bacillus subtilis and Bacillus
stearothermophilus species can be agents of occasional
infections  [17].  Bacillus  subtilis  and  Bacillus
stearothermophilus are the species of Bacillus sp. bacteria that
are harmful and can affect public health. Due to this, the
presence of these bacteria needs to be eliminated from medical
waste to eliminate the possibility of disease transmission when
it comes in contact with humans.

Bacillus subtilis and Bacillus stearothermophilus are
resistant to heat, chemicals, drying, and disinfection, meaning
technological innovation efforts are needed to eliminate them.
The betel leaf (Piper betle Linn.) is a medicinal plant
commonly found in Asian countries. In general, Piper betle
Linn. is used to maintain oral health [18-20]. In addition, Piper
betle Linn. is used as a traditional medicine for headaches,
joint inflammation and joint pain, and skin conditions [18, 21].
Review studies conducted by Nayaka et al. [22] found that
Piper betle Linn. has antibacterial and antifungal properties.
Piper betle Linn. has been shown to effectively Kkill
Pseudomonas aeruginosa, Escherichia coli, Candida albicans,
and Staphylococcus aureus [22]. By considering the
antibacterial and antifungal properties of Piper betle Linn.,
technological innovations can be made to create disinfectants
made from Piper betle Linn. extract. This study had several
objectives, the first being to determine the difference in the
length of contact time and dose of green betel leaf extract
(Piper betle Linn.) as a disinfectant against all Bacillus subtilis
and Bacillus stearothermophilus in the medical waste
recycling process. The second objective was to determine the
percentage of reduced Bacillus subtilis and Bacillus
stearothermophilus before and after being treated. This study
has good originality and novelty, as it aimed to produce a new
disinfectant product for the removal of Bacillus subtilis and
Bacillus stearothermophilus in medical waste.

2. METHOD
2.1 Type of research and study design

This study is classified in terms of objective (explanatory
research). This research study’s design is classified as an
experimental design (the after-only design). One group of
subjects with two conditions was treated directly without a
comparison group. The after-only in this study was the total
Bacillus subtilis and Bacillus stearothermophilus in the
medical waste recycling process after treatment (disinfection
method). The study was conducted in March 2023, wherein
Bacillus subtilis and Bacillus stearothermophilus were tested
in the microbiology laboratory of the Environmental Health
Department at the Polytechnic Ministry of Health Bandung,
Indonesia.
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2.2 Sampling technique and sample size

The sample in this study consisted of the recycled medical
waste materials used for testing Bacillus subtilis and Bacillus
stearothermophilus. The total samples used in this study were
144 samples with four repetitions, including controls. Grab
sampling was used, which is a sample taken at a certain time
in one location. The sample was already able to represent the
recycled medical waste material as a whole.

2.3 Univariate and bivariate data analysis

Univariate and bivariate data analyses were conducted. The
univariate analysis aims to explain or describe the
characteristics of each research variable. The independent
variables in this study were the length of contact time and dose
of green betel leaf extract (Piper betle Linn.), while the
dependent variable in this study was the total Bacillus subtilis
and Bacillus stearothermophilus in the medical waste. This
univariate analysis was used to obtain the mean, median, mode,
minimum value, maximum value, standard deviation, variance,
and linear quartile range. The results were used to determine
the decrease in  Bacillus  subtilis and  Bacillus
stearothermophilus percentage in the medical waste recycling
process. Meanwhile, the bivariate analysis is carried out on
variables that are thought to be related or have an influence,
and to examine the magnitude of the independent variable’s
influence on the dependent variable. The bivariate analysis
used in the study was two-way ANOVA, while testing
differences between groups utilized the assumption of
homogeneity Levene Test.

The number of pages for the manuscript must be no more
than ten, including all the sections. Please make sure that the
whole text ends on an even page. Please do not insert page
numbers. Please do not use the Headers or the Footers because
they are reserved for the technical editing by editors.

3. RESULTS AND DISCUSSION

3.1 Measurement of temperature, pH, and TDS in the
immersion process of Piper betle Linn. in medical waste

In the beginning, physical parameters were measured in the
immersion process (disinfection) with green betel leaf extract
(Piper betle Linn) in the medical waste recycling process. The
physical parameters measured were temperature, pH, and total
dissolved solid (TDS). The measurement results are presented
in Figure 1 (temperature), Figure 2 (pH), and Figure 3 (TDS)
below.

Temperature Measurement Results
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Figure 1. Temperature measurement in the immersion
process of Piper betle Linn. in medical waste



pH Measurement Results
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Figure 2. Measurement of pH in the immersion process of
Piper betle Linn. in medical waste

TDS Measurement Results
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Figure 3. Measurement of total dissolved solid (TDS) in the
immersion process of Piper betle Linn. in medical waste

Based on the temperature measurement results in Figure 1,
there was a decrease in temperature during the immersion
process (disinfection) with green betel leaf (Piper betle Linn.)
extract in the medical waste recycling process. The lowest
temperature occurred at a green betel leaf immersion
concentration of 7% (24.21°C), and the highest temperature
occurred at an immersion concentration of 0.7% (25.15°C).
The average temperature reached 25.04°C with a standard
deviation of 0.39. Determination of the appropriate
temperature can affect the quality of the betel leaf extract
(Piper betle Linn). This is in line with a study conducted by
Kusuma et al. [23], who observed that Piper betle Linn. extract
conditions in the temperature range of 26-28°C had moderate
inhibition of green betel leaf extract (Piper betle Linn.) on
Streptococcus  agalactiae  bacteria.  Moreover, room
temperature conditions in immersions containing Piper betle
extract have been found to inhibit Streptococcus intermedius,
Streptococcus mutans, and Candida albicans [24, 25].

Based on the pH measurement results Figure 2, the
immersion process (disinfection) with green betel leaf extract
in the medical waste recycling process showed a decrease in
pH. The lowest pH occurred at a concentration of 7% green
betel leaf immersion (4.07), and the highest pH occurred at a
concentration of 0.05% immersion (6.33). The average pH
reached 5.47 with a standard deviation of 0.89. The decrease
in pH was due to the active ingredient’s (betel leaf extract) pH
being acidic (pH=4). This means that with increasing amounts
of extract, the pH will be lower [26, 27].

Based on the TDS measurement results, there was an
increase in TDS values during the immersion process
(disinfection) with green betel leaf extract in the medical waste
recycling process. The lowest TDS value occurred at a

917

concentration of 0.03% green betel leaf immersion (179ppm),
and the largest TDS value occurred at an immersion
concentration of 7% (1934ppm). The average TDS reached
628ppm with a standard deviation of 644.89.

The reason for the high TDS increase is thought to be due
to the saponin content in the betel extract. Some saponins have
acidic properties due to the presence of carboxyl groups on
aglycones and or sugar groups [28]. Protein solubility will
increase if given excessive acid treatment. This happens
because the positive ions in the acid will cause proteins which
were originally neutrally charged to become positively
charged and cause its solubility to increase, making the tube
turbid [29, 30]. This means the difference in turbidity is not
due to the presence or absence of bacteria, but due to the
concentration of the extract. The higher the extract’s
concentration, the higher the turbidity level.

3.2 Univariate, homogeneity, and bivariate analysis

The Pier betle Linn. was observed in doses of 0.03%, 0.05%,
0.07%, 0.3%, 0.5%, 0.7%, 3%, 5% and 7%. Meanwhile, the
time intervals used were 15, 30, and 45 minutes. The complete
results are presented in Table 1 (univariate independent
variables), Table 2 (homogeneity assumption), and Table 3
(ANOVA test).

Table 1. Statistical descriptive results of contact time and
Piper betle Linn. dose

Dose Length of Contact Time Mean Std. Deviation N

15 minutes 469.00 263.056 4

0.03% 30 m!nutes 511.50 515.463 4
’ 45 minutes 686.25 339.959 4
Total 555.58 364.002 12

15 minutes 408.75 326.140 4

0.05% 30 minutes 315.00 371.759 4
’ 45 minutes 267.25 268.293 4
Total 330.33 300.169 12

15 minutes 419.50 460.845 4

0.07% 30 minutes 467.75 400.339 4
' 45 minutes 298.00 267.273 4
Total 395.08 355.919 12

15 minutes 273.25 263.292 4

0.3% 30 m!nutes 482.50 366.308 4
' 45 minutes 205.00 33.615 4
Total 320.25 266.487 12

15 minutes 419.50 243.034 4

0.5% 30 minutes 684.50 595.768 4
' 45 minutes 665.75 534.966 4
Total 589.92 454,826 12

15 minutes 523.25 490.326 4

0.7% 30 m!nutes 526.25 379.423 4
' 45 minutes 706.00 157.211 4
Total 585.17 345,742 12

15 minutes 670.25 421.865 4

3% 30 minutes 512.00 352.615 4
45 minutes 792.25 133.145 4

Total 658.17 318.813 12

15 minutes 333.75 257.967 4

50 30 minutes 501.00 247.202 4
45 minutes 668.50 396.041 4

Total 501.08 312.995 12

15 minutes 341.75 400.215 4

7% 30 minutes 333.00 270.078 4
45 minutes 600.50 137.963 4

Total 425.08 292.516 12

Total 15 minutes 428.78 334.886 36




Table 1 above shows the average value of the total of
Bacillus sp. colonies based on the dose and contact time of
immersion (disinfection) using green betel leaf extract in the
medical waste recycling process. The lowest average was at a
concentration of 0.3% with a contact time of 45 minutes (205
colonies/ml), and the highest average was at a concentration
of 3% with a contact time of 45 minutes (792 colonies/ml).
Moreover, the results of the homogeneity test are presented in
Table 2 below.

Table 2 shows the output results of the homogeneity test.
Based on these results, a p-value of 0.001 was found. The
analysis criteria were if the p-value is larger than a (0.05), then
the data are homogeneous or HO is rejected. Table 2 shows that
the p-value for the number of Bacillus sp. obtained was greater
than o (0.05); therefore, the data were categorized as
homogeneous and HO was rejected. Moreover, the results of
the ANOVA test are presented in Table 3 below.

Table 2. Levine test homogeneity assumption results

Dependent Variable: Bacillus sp.

F dfl
1.636 26

df2 Sig.
81 0.059

Table 3. Dependent variable two-way ANOVA test results

Dependent Variable: Bacillus sp.

Source Type Il Sum of Squares df Mean Square F Sig.
Corrected Model 2633476.963a 26 101287.576 0.809 0.724
Intercept 25353885.040 1 25353885.040 202.428 0.000
Dose 1428066.130 8 178508.266  1.425 0.199
Contact Time 236476.519 2 118238.259 0.944 0.393
Dose*Contact Time 968934.315 16  60558.395 0.484 0.949
Error 10145164.000 81 125248.938
Total 38132526.000 108
Corrected Total 12778640.960 107

a. R Squared=0.206 (Adjusted R Squared=-0.049)

Table 3 shows the two-way ANOVA test results, which
include the p-value of the dose (0.199), contact time (0.393),
and dose contact time (0.949). The provisions of the analysis
were if the p-value is larger than o (0.05), then HO is rejected
or the variable is said to have a significant difference. Based
on the table above, the p-value was larger than 0.05; therefore,
HO is accepted. This means that there was no difference in the
length of contact time and dose of green betel leaf extract as a
disinfectant on the amount of Bacillus subtilis in the medical
waste recycling process.

The bivariate statistical test results showed that there were
no differences in the length of contact time and dose of green
betel leaf extract as a disinfectant on the number of Bacillus
subtilis in the medical waste recycling process. On the other
hand, the descriptive analysis results show that the betel leaf
extracts with a concentration of 0.3% and a contact time of 45
minutes had the lowest average number of Bacillus subtilis
(205 colonies/ml). It is estimated that the essential oil content
in betel leaves reaches 5%, and it mostly consists of bitter
phenols that can be used as antibacterials [31, 32]. This implies
that betel leaf extract has active anti-bacterial substances,
including Bacillus sp.

Result of identification and measurement of Bacillus sp.

The presence of Bacillus sp. (Figure 4 and Figure 5) was
identified identified in the green betel leaf extract immersion
(disinfection) process in the medical waste recycling process.
Figure 4 shows the presence of Bacillus subtillis, while Figure
5 shows the absence of Bacillus stearothermophillus in the
gram staining process.

The presence of Bacillus sp. was identified in the immersion
process (disinfection) with green betel leaf extract in the
medical waste recycling process [33]. Meanwhile, Bacillus
stearothermophillus was not found in the gram staining
process. The measurement results of Bacillus subtillis and
Bacillus stearothermophillus are presented in Figure 6 below.

Figure 4. Bacillus stearothermophillus bacteria gram
staining results

Figure 5. Bacillus subtillis bacteria identification results
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Examination Results of Bacillus sp
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Figure 6. Bacillus subtillis and bacillus stearothermophillus
measurement results

The results show fluctuating Bacillus sp. measurements in
the process of immersion (disinfection) with green betel leaf
extract in the medical waste recycling process. The smallest
amount of Bacillus sp. was found at a green betel leaf
immersion concentration of 0.05% (330 colonies/ml), and the
largest Bacillus sp. colony occurred at a concentration of 3%
immersion (658 colonies/ml). The average Bacillus sp. colony
reached 485 ml/colony with a standard deviation of 121.96.

The results of the above analysis prove that there is a very
large possibility of Bacillus sp. dying due to green betel leaf
extract. Betel green leaf extract contains certain substances
that have antimicrobial effects. These substances are
flavonoids, polyphenols, alkaloids, tannins, saponins, and

essential oils [34]. Flavonoids include antibacterial substances.

Flavonoids work by damaging the bacterial cell wall,
microsomes, and lysosomes as a result of flavonoid interaction
with bacterial DNA. In addition, the hydroxyl group found in
the structure of flavonoid compounds causes changes in
organic components, and nutrient transport in bacteria is
disrupted [35]. In addition, flavonoids in green betel leaf
extract can inhibit the enzyme topoisomerase I (DNA gyrase).
This enzyme is important in the process of bacterial DNA
replication and transcription. Inhibition of the topoisomerase
I enzyme will have an impact on the replication and
transcription process of bacterial DNA, possibly inhibiting it
[36].

Tannin substances that are also possessed by green betel
leaf extract have spasmolytic properties [35, 37]. It is thought
that they can wrinkle the cell wall or cell membrane, thus
disrupting the permeability of the cell itself. Due to the
disruption of permeability, cells cannot carry out life activities.
As a result, their growth is inhibited, or they may even die.
Tannins are also thought to inhibit bacterial growth by
inactivating enzymes [29]. If the work of enzymes in
maintaining the continuity of microbial activity is inhibited, it
will cause enzymes to require large amounts of energy for their
activity. As a result, growth energy is reduced, and microbial
activity becomes inhibited and lysis occurs if it continues.

Saponins work to reduce surface tension and damage cell
walls. Essential oils will interfere with the process of cell wall
formation, causing them to not formed or form incompletely.
Damage to the cell wall causes the cell membrane to have no
protection, which results in the loss of the semi-permeability
of the cell membrane [29]. This will cause issues with the entry
and exit of substances such as water and enzymes. A further
impact is the disruption of cell metabolism, causing the
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process of ATP formation for cell growth to be inhibited. If
this process continues, it will lead to bacterial cell death.

This study showed that green betel leaf extract has anti-
bacterial power against Bacillus sp. Antibacterial testing using
the liquid dilution method had a minimum kill level (KBM) at
a concentration of 0.3%. This finding is supported by previous
research conducted by Juliantina et al. [38], which found that
red betel leaf extract (Piper crocatum) could inhibit growth
and kill gram-positive Staphylococcus aureus test bacteria at a
concentration of 25%. It also had the ability to inhibit growth
and kill gram-negative Escherichia coli test bacteria at a
concentration of 6.25%. Furthermore, Mutmainnah [39]
research also supports these findings. This previous study
observed the effects of red betel leaf extract (Piper crocatum)
on the histopathological picture of skin incision wounds of
white rats infected with Staphylococcus aureus, as well as the
effectiveness of red betel leaf extract (Piper crocatum) against
Aeromonas hydrophila bacteria in vitro. This shows that betel
leaf extract has active anti-bacterial substances, including
against Bacillus sp. The limitation in this study is that the test
was only carried out after treatment without any pre-treatment
and control treatment.

4. CONCLUSIONS

The results of the bivariate statistical tests showed that there
were no differences in the length of contact time and dose of
green betel leaf extract as a disinfectant on the total amount of
Bacillus subtilis in the medical waste recycling process. The
smallest amount of Bacillus sp. was found at a concentration
of 0.05% green betel leaf immersion (330 colonies/ml). The
largest Bacillus sp. colonies occurred at a concentration of 3%
immersion (658 colonies/ml). The antimicrobial green betel
leaf content be developed for further research in the removal
of bacteria or other parasites.
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