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fragrant pandan leaf extract. This study aimed to determine the optimal
liquid soap formulation by evaluating physicochemical properties and
antibacterial activity against Staphylococcus aureus. The research was
conducted in two stages. First, liquid soap was produced at different
temperatures (20°C, 50°C, and 100°C) to identify the optimal
temperature based on maximum lipase activity. In the second stage,
various formulations were prepared, incorporating eco-enzyme and
fragrant pandan leaf extract at the identified optimal temperature. The
six formulations tested were: F1 (MES-based soap), F2 (20% eco-
enzyme), F3 (15% eco-enzyme and 5% fragrant pandan leaf extract),
F4 (10% eco-enzyme and 10% fragrant pandan leaf extract), F5 (5%
eco-enzyme and 15% fragrant pandan leaf extract), and F6 (20%
fragrant pandan leaf extract). The formulations were assessed for lipase
activity, pH, density, and viscosity. The most effective formulation was
further tested for antibacterial activity using the disc diffusion method
with six treatments, including MES-based soap and controls. Statistical
analysis using One-Way ANOVA revealed that adding eco-enzyme and
fragrant pandan leaf extract significantly affected the soap's properties.
The optimal formulation, containing 5% eco-enzyme and 15% fragrant
pandan leaf extract, exhibited a lipase activity of 15,778 U/mL, a pH of
5.02, a density of 1.06 g/mL, a viscosity of 3.59 cP, and an antibacterial
zone of 37.22 mm, making it the best candidate for further development.
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INTRODUCTION

Soap is an essential cleanser in daily
life, used to remove impurities such as dust
and grease that accumulate on the skin
through  direct interaction with the
environment [1]. The demand for soap made
from natural and organic ingredients is on the
rise, consumers'

driven by growing

243

awareness of the environmental impact of
their

increasingly prefer soap with eco-friendly

choices. Today’s consumers

packaging and products produced through
sustainable practices. Factors such as
heightened hygiene awareness, demand for
eco-friendly

products, technological
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innovations, and lifestyle changes have all
contributed to the widespread use of soap [2].

While dust is easily removed with
water, grease, a non-polar compound, is
insoluble in water and requires surfactants to
be effectively cleaned. Surfactants are active
compounds that can dissolve grease in water
due to their dual nature, with polar
(lipophilic)
groups, which allows them to reduce surface

(hydrophilicy and non-polar
tension [4]. Anionic surfactants, the primary
components in detergents and other
cosmetic cleaning products, are widely used
as cleansers [5][6].

However, the widespread use of
synthetic surfactants in households and
industry raises environmental concerns.
These surfactants, such as alkyl benzene
sulfonate (LAS), Sodium Lauryl Sulfate
(SLS), and triclosan, often end up in
wastewater treatment plants or are directly
discharged into the environment, causing
ecological damage [7]. Therefore, there is a
need for more environmentally friendly
surfactants. Methyl ester sulfonate (MES) is
a renewable surfactant that has gained
attention for its environmental benefits,
tolerance to water hardness, and excellent
detergency and foaming properties, making it
valuable in the soap and detergent industry
[8][9]. MES is particularly favoured for its
effectiveness as a cleaner and its
biodegradability. Despite its stability in water
and low foaming tendency, MES’s straight
carbon chain is biodegradable, making it an
ideal component in eco-friendly soap and
detergent formulations [4].

Various soap forms are available

today, including cream, solid bars, powder,

and liquid [10][11]. Among these, liquid soap
is particularly favoured, whether natural or
synthetic, due to its perceived hygienic and
practical benefits [12]. Liquid soap dissolves
more readily in water than solid or bar soap,
making it more convenient [13]. As a result,
natural liquid soap has gained popularity
because it is considered more
environmentally friendly and is generally free
from harmful side effects [14]. The growing
demand for natural and organic ingredients in
soap reflects consumers' increasing
awareness of the environmental impact of
their choices, leading them to prefer products
with eco-friendly packaging and sustainable
production practices. Factors such as
heightened hygiene awareness, the demand
for eco-friendly products, technological
advancements, and lifestyle changes have all
contributed to the widespread use of soap in
daily life [15]. This shift has intensified
industrial  competition as  consumers
increasingly seek environmentally friendly
natural liquid soap [16].

Soap is typically produced through
cold or hot processes, with temperature being
a key differentiating factor. Temperature
significantly influences the activity of the
lipase enzyme, which is crucial for the soap's
ability to clean. At higher temperatures,
enzymes may undergo conformational
changes that hinder substrate access to the
enzyme's active site, thereby reducing
effectiveness [17]. Maintaining an optimal
temperature is essential to ensure the
maximum performance of the lipase enzyme
in cleaning products, thereby preserving the
product's stability and effectiveness over

time. In addition to its cleansing function,
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soap serves various purposes, including as
an antibacterial agent [18], medication [19],
beauty soap [20], antioxidant [21], and skin
moisturiser [22].

This research focuses on producing
an antibacterial soap using eco-enzymes
combined with fragrant pandan leaf extract
[23]. The fermentation process of eco-
enzymes produces ethanoic acid and
alcohol, which have germicidal properties,
making them effective against viruses and
bacteria [24]. Additionally, eco-enzymes
contain lipase, protease, and amylase
enzymes, which act as biocatalysts to reduce
pollutants in wastewater and inhibit the
growth of pathogenic bacteria [25]. Studies
have shown that eco-enzyme production
offers multiple benefits: it reduces organic
waste, acts as an antibacterial agent, and can
inhibit bacterial growth by approximately 99%
at a 20% concentration. Eco-enzymes are
environmentally friendly, easy to produce,
and user-friendly [26][27].

Previous studies have demonstrated
that the lipase enzyme produced from eco-
enzyme fermentation can catalyse lipid
hydrolysis, enhancing soap's effectiveness
as both a detergent and antibacterial agent
[28]. The antibacterial properties of soap can
be further improved by incorporating
additional components such as fragrant
pandan leaves (Pandanus amaryllifolius
Roxb), which have similar antibacterial roles.
Pandan leaf extract is widely used for its
distinctive aroma and as a natural dye. The
leaves are readily accessible, often found in
household gardens, and are rich in bioactive
compounds such as saponins, alkaloids,

flavonoids, and polyphenols, which have

notable antibacterial potential. Therefore,
combining these two natural ingredients—
eco-enzyme and pandan leaf extract—is
expected to enhance the efficacy of liquid
soap production [29].

Fragrant pandan leaves contain
secondary metabolites, including saponins,
flavonoids, polyphenols, and alkaloids,
contributing to their antibacterial properties
[30][31]. Saponins function by altering cell
permeability and disrupting bacterial cell
membranes. Alkaloids interfere with the
peptidoglycan components of bacterial cell
walls, leading to imperfect cell wall formation
and cell death. Phenolic compounds damage
cell membranes and walls, disrupting the
active transport system and affecting cell
metabolism. Flavonoids inhibit nucleic acid
synthesis, cytoplasmic membrane function,
and energy metabolism in bacteria.

Research has shown that pandan
leaf extract exhibits significant inhibitory
effects against various bacterial strains,
including Staphylococcus aureus [32][33],
Staphylococcus epidermidis [23], Bacillus
cereus ATCC 11778, Enterococcus faecalis,
Shigella dysenteriae ATCC 11835, Vibrio
cholerae ATCC 14033, and Escherichia coli
[29].

METHODS
1. Materials and Equipment

This research utlised a rotary
evaporator (IKA® HB 10 Digytal) to
concentrate the filtrate from the maceration of
fragrant pandan leaf powder. The equipment
used for soap production included analytical
scales (Mettler Toledo), a hotplate stirrer
(PMC), a beaker (Pyrex), a measuring flask

(Pyrex), and a thermometer (Precision). An
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oven (Memmert), stands, clamps, and a
burette (Duran) were employed to test the
lipase activity of the liquid soap using the
titrimetric method. A pH meter (Laqua) was
used to measure the soap's acidity, a 10 mL
pycnometer (Pyrex) for density testing, and a
Cannon-Fenske viscometer for viscosity
testing. Additional tools such as a vortex
autoclave,  UV-vis
(Shimadzu), and

incubator (NUve) were wused in the

mixer  (Heidolph),

spectrophotometer

antibacterial activity tests.

The materials used in the research
included eco-enzymes made from pineapple
peel, brown sugar, and water, fermented in
the Biochemistry Laboratory at Brawijaya
University for three months. Fragrant pandan
leaves were obtained from PT. Materia
Medica Batu in Malang, East Java,
Indonesia. Other materials included 96%
ethanol, MES, distilled water, 0.05 N NaOH,
Nutrient Agar (Oxoid), and Staphylococcus
aureus bacteria obtained from the Faculty of

Medicine, Brawijaya University.

2. Eco-Enzyme Fermentation

The eco-enzyme was produced by
mixing 360g of pineapple peel, 120g of brown
sugar, and 1200 mL of water (in a 3:1:10
ratio) and fermenting the mixture for three
months  under  anaerobic  conditions.
Pineapple peel was chosen due to its
richness in bromelain and phenol enzymes,
which have antibacterial properties. Brown
sugar was used as a substrate because the
sugar content influences the amount of
alcohol produced during fermentation, and
alcohol significantly inhibits bacterial growth.

Thus, the combination of pineapple peel and

brown sugar in the eco-enzyme is expected
to enhance the antibacterial activity of the

liquid soap.

3. Pandan Wangi Leaf Extraction

The extraction process was
conducted using the maceration method.
One kilogram of fragrant pandan leaf powder
was soaked in 2 litres of distilled water in a
covered container for 24 hours, with
occasional stirring. After 24 hours, the
mixture was filtered using a funnel lined with
filter paper to obtain the filtrate, which was
then placed in a brown bottle. The filtrate was
concentrated using a rotary evaporator, and
the final extract was stored in a refrigerator
until use in liquid soap production. The yield
of the extract was calculated using the

following formula:

extract weight

% vield = x 100% 1)

sample weight

Distilled water was chosen as the
solvent for pandan leaf extraction due to its
high polarity, which makes it effective at
dissolving a wide range of polar compounds
from plants. Additionally, distilled water is
non-toxic, non-flammable, and cost-effective.
The extraction process involved careful
control of time and temperature, as these
parameters are crucial in optimising the
dissolution of active ingredients while
minimising oxidation and degradation.
Stirring during maceration helped accelerate
the equilibrium concentration of the extracted
material in the solvent, and covering the
extraction container with aluminium foil
maintained the stability of the solvent

concentration, preventing evaporation.
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4. The Making of Liquid Soap and the
Effect of Adding Eco-Enzyme and
Fragrant Pandan Leaf Extract at
Various Temperatures
7.5 g of MES was dissolved in 70 mL of

distilled water to prepare the liquid soap and

heated until fully dissolved. Following this, 5

mL of eco-enzyme and 5 mL of fragrant

pandan leaf extract were added at

temperatures of 100°C, 50°C, and 25°C,
along with a sufficient amount of NaCl, and
the mixture was stirred until homogeneous.

The solution was then transferred to a 100

mL measuring flask, and distilled water was

added to reach the final volume. The optimal

temperature for the soap formulation was
determined based on the highest lipase

activity observed.

5. The Making of Liquid Soap by Varying
the Composition of Eco-Enzyme and
Fragrant Pandan Leaf Extract

In this step, 7.5 g of MES was again

dissolved in 70 mL of distilled water and
heated until completely dissolved. Eco-
enzyme and fragrant pandan leaf extract
were added in various compositions at the
previously determined optimal temperature,
along with NaCl. After thoroughly mixing all
the ingredients, the mixture was transferred
to a 100 mL measuring flask, and distilled
water was added to reach the final volume.
The resulting liquid soap formulations were
analysed for lipase activity, and the data was
recorded. The specific formulations based on
the variations in composition ratios are
detailed in Table 1.

Table 1. Soap Making Formulation Based on Composition Comparisons

The making of liquid soap using MES-based surfactants with a composition ratio of
eco-enzyme and Pandan Wangi leaf extract at optimum temperature

Formulation MES (g) Eco-enzyme Pandan Wangi Leaf Aquadest Nacl (g)
(mL) Extract () (mL)
Control 7.5 - - 70 1.0
1 7.5 20 - 70 1.0
2 7.5 15 5 70 1.0
3 7.5 10 10 70 1.0
4 7.5 5 15 70 1.0
5 7.5 - 20 70 1.0

6. Lipase Activity Test

Lipase activity was tested using the
titration method. First, the soap solution was
incubated and then titrated with 0.05 N
NaOH. The lipase activity was calculated

using the following equation:

(A-B)x 100 xN(NaOH)
Vxt

Lipase Activity =

Description:

A= mL NaOH for titration sample (mL)
B=mL NaOH for blanko titration (mL)
W= Sample volume (mL)

t = Incubation duration (minute)

)

7. pH Test

The pH test involved mixing 1.5 mL
of the soap solution with 15 mL of distilled
water and leaving it for 24 hours to ensure
complete dissolution. The pH of each sample
was then measured, and the pH value

displayed on the pH meter was recorded.

8. Density Test

For the density test, a clean and dry
pycnometer was first weighed, with the empty
pycnometer's weight recorded as weight (a).

Next, 10 mL of the sample was added to the
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pycnometer, which was then weighed again,
recording this as weight (b). The density

(p\rhop) was calculated using the formula:

P O ®3)

- pycnometer volume (mL)

9. Viscosity Test

Viscosity testing was conducted
using a Cannon-Fenske viscometer. The
viscometer was cleaned with a solvent before
adding 10 mL of soap solution using a
measuring pipette. The viscometer was
placed in a buffer and left for 10 minutes to
reach equilibrium temperature. The time
required for the soap solution to pass
between the two marks on the viscometer
was measured by drawing the solution
through the capillary using a suction ball. The

viscosity (n\etan) was calculated using the

formula:
t
1="2 (4)
No toPo
Description:

n and np = solution and solvent viscosity
t and to = flow time of solution and solvent
p and po = density of solution and solvent

10. Antibacterial Test

The antibacterial activity test began
with the preparation of the medium. First, 7
grams of Nutrient Agar (NA) were dissolved
in 250 mL of distilled water and then heated
while stirring until homogeneous and boiling.
The mixture was sterilised in an autoclave at
121°C under 15 PSI pressure for 15 minutes.
After sterilisation, 7 mL of NA media was
poured into test tubes, sealed with sterile
cotton and aluminium foil, and allowed to
solidify at a slight angle.
Next, Staphylococcus aureus bacteria were
rejuvenated by streaking them onto NA

media using an inoculation loop and

incubating them at 37°C for 24 hours. To
prepare the bacterial suspension, 9 mL of
0.9% NaCl was added to a test tube, into
which a loopful of the Staphylococcus aureus
culture was added and vortexed until
homogeneous. The optical density (OD) was
measured using a UV-vis spectrophotometer
at a wavelength of 600 nm, with a target cell
density of 0.6, equivalent to 1061076106
CFU/mL.

For the antibacterial activity test,
sterile paper discs made from Whatman filter
paper (approximately 6 mm in diameter) were
immersed in 30 pL of the test solution for 10
minutes. The discs were then placed on an
NA medium inoculated with Staphylococcus
aureus and allowed to solidify. The plates
were incubated at 37°C for 24 hours. The
presence of a clear zone around the paper
disc indicated antibacterial activity. The
diameter of the clear zone was measured
three times at different positions and

averaged.

11. Data Analysis
) The liquid soap formulations were
analysed using the One-Way ANOVA test,
conducted with IBM SPSS statistical software
at a 95% confidence level (0=0.05). A Tukey
HSD (Honestly Significant Difference) post-
hoc test was performed to determine
differences between treatment groups.
Experimental data are presented as mean +
standard deviation (SD). A p-value < 0.05
was considered statistically significant,
indicating a significant difference between the
soap formulations and the control after
adding eco-enzyme and fragrant pandan leaf

extract.
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RESULTS AND DISCUSSION
1. Lipase Activity

Lipase is a water-soluble enzyme
catalyses the hydrolysis of ester bonds in
water-insoluble lipid substrates. When added
to soap or other cleaning agents, lipase
enhances the breakdown of ester bonds into
simpler molecules, making them more
soluble in water. This process improves the
soap's effectiveness in removing fat and dirt
from surfaces, thereby helping to prevent the
growth of pathogenic bacteria on the skin
[16].

a. The Effect of Temperature Variations,
Addition of Eco-Enzyme, and Fragrant
Pandan Leaf Extract in Liquid Soap

This study examined the effect of

temperature variations on adding eco-

enzyme and fragrant pandan leaf extract to
liquid soap formulations using different
surfactants. The soap was prepared at three
different temperatures: 25°C, 50°C, and
100°C, with the addition of 5 mL of eco-
enzyme and 5 mL of fragrant pandan leaf
extract to each formulation. After thoroughly
mixing all the ingredients, the solutions were
homogenised in a 100 mL measuring flask.
The soap rested for one day to enhance its
stability before testing.

The optimal temperature for soap
formulation was determined by measuring
the highest lipase activity and assessed using
titration (titrimetry). Acid-base titration was
employed, with NaOH as the titrant. The
endpoint of the titration was identified by a
stable and consistent colour change of the
indicator, signalling the completion of the

reaction.

Table 2. Lipase Activity at Various Temperatures

Lipase Activity (U/mL) +SD

Temperature -
No. Variations MES MES + Eco-enzyme + Pandan Wangi
Leaf Extract
1 25°C 0,33 £ 0,011 9,33+ 0,222°
2 50 °C 0,43 £ 0,011°¢ 11,48 + 0,339¢
3 100 °C 0,27 £ 0,0232 6,66 £ 0,2222

Temperature is one of the key factors
influencing lipase performance, with the
enzyme exhibiting varying activity levels
across different temperature ranges [34]. At
25°C and 100°C, lipase activity was less
pronounced than at 50°C. At 25°C, the lipase
may still  be localised within the
microorganism cells that produce it in the
eco-enzyme [35].

At 50°C, lipase activity increased,

likely due to hydrolysis in the lipase cell wall,

which allowed the enzyme to mix more
effectively with the soap. However, at 100°C,
there was a significant decrease in lipase
activity compared to the activity observed at
25°C and 50°C. This decline at higher
temperatures can be attributed to the
increased molecular movement of the lipase
enzyme, destabilising hydrogen bonds and
non-covalent interactions. These changes
can cause the enzyme to denature, altering

its shape and reducing its ability to interact
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with the substrate, thereby decreasing its

overall activity [36].

b. Effect of Composition Variations,
Addition of Eco-Enzyme, and Fragrant
Pandan Leaf Extract in Liquid Soap

Liquid soap was also prepared with

variations in the composition of eco-enzyme

and fragrant pandan leaf extract under the
optimal temperature conditions identified
earlier to determine the composition ratio that
yielded the highest lipase activity. The results

of these experiments are presented in Table 3.

Table 3. Lipase Activity of Liquid Soap with variations in composition, addition of Eco-Enzyme, and
Pandan Wangi Leaf Extract

Variations in the additional compositions of Eco-

No. enzyme: Pandan Wangi leaf extract Lipase Activity (U/mL) + SD
1 MES 0,085 + 0,0062
2 20% Eco-enzyme 12,000 £ 0,222¢
3 15% Eco-enzyme: 5% Pandan Wangi leaf extract 13,778 £ 0,222¢
4 10% Eco-enzyme: 10% Pandan Wangi leaf extract 14,889 * 0,222¢
5 5% Eco-enzyme: 15% Pandan Wangi leaf extract 15,778 £ 0,222f
6 20% Pandan Wangi leaf extract 6,666 + 0,222

Based on Table 3, the results of the
lipase activity test in liquid soap with varying
compositions and the addition of eco-enzyme
and fragrant pandan leaf extract show
significant differences, as indicated by
distinct notations for each variation. The data
demonstrate that higher concentrations of
eco-enzyme lead to increased lipase activity.
Specifically, the Iliquid soap with a
composition of 5% eco-enzyme and 15%
pandan leaf extract exhibited the highest
lipase activity.

This heightened activity may be
attributed to the solution's thickness during
the lipase activity test, where the higher
percentage of pandan leaf extract contributed
to a noticeable colour change to pink.
Additionally, during the titration process, the
increased volume of NaOH required was
challenging to observe, which may have
impacted the accuracy of the calculation

results.

These findings are consistent with

the theory that increasing enzyme
concentration enhances the rate of enzymatic
reactions. Increasing the substrate
concentration can boost enzyme activity up to
a certain maximum limit when enzyme
concentration remains constant. However,
once all enzymes become saturated with
substrate, further increases in substrate
concentration will no longer result in higher
lipase activity [37].

Based on Figure 1, it is evident that
liquid soap with MES as the primary
ingredient produces a transparent white
colour. In contrast, liquid soap containing
eco-enzyme and fragrant pandan leaf extract
exhibits a brown colour, with the shade
deepening as the concentration of pandan
leaf extract increases. The colour change in
liquid soap formulated with eco-enzymes and
fragrant pandan leaf extract is due to
chemical interactions between the enzymes,

active compounds from the pandan leaves,
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and the soap components. The pandan leaf

extract also contains chlorophyll, which

naturally imparts a green colour. However,

(A)

changes in pH or other chemical interactions
can alter chlorophyll's colour from green to

brown or yellow [23].

(B)

Figure 1. Liquid soap visualisation. (A) Basic and (B) soap with various compositions are
added with eco-enzyme and pandan wangi leaf extract. Orderly from left to right:
20% of eco-enzyme, 15% of eco-enzyme: 5% of pandan wangi leaf extract, 10%
of eco-enzyme: 10% of pandan wangi leaf extract, 5% of eco-enzyme: 15% of
pandan wangi leaf extract, and 20% of pandan wangi leaf extract.

2. pH Test

Liquid soap made from MES-based
surfactants, with the addition of eco-enzyme
and fragrant pandan leaf extract, was
subjected to a pH test to determine whether
the soap was acidic, basic, or neutral. Proper
pH testing is crucial, as the pH level can

significantly impact the soap's cleaning

performance and consumer comfort,
ensuring that the soap does not cause
irritation or other harmful side effects to the
skin. The ideal pH range for liquid soap
stability and skin compatibility is typically
between 4.5 and 7.5, which is considered
optimal for maintaining the stability of liquid

soap formulations [10].

Table 4. Liquid Soap pH Test Results

Variations in the additional compositions of Eco-enzyme:

No. Pandan Wangi leaf extract pH +SD
1 MES 4,19 +0,0115°
2 20% Eco-enzyme 3,28 + 0,01002
3 15% Eco-enzyme: 5% of Pandan Wangi leaf extract 4,71 +0,0100°
4 10% Eco-enzyme: 10% of Pandan Wangi leaf extract 4,91 + 0,01008
5 5% Eco-enzyme: 15% of Pandan Wangi leaf extract 5,02 + 0,0100f
6 20% of Pandan Wangi leaf extract 4,87 +0,01524

Based on Table 4, significant
differences in the pH test results are
observed for each variation of liquid soap, as
indicated by distinct notations for each
formulation. The soap with the highest pH, at
5.02, was found in the formulation with a ratio

of 5% eco-enzyme to 15% pandan wangi leaf
extract. This suggests that the addition of
pandan leaf extract can influence the pH of
the soap, likely due to the alkaline properties
of pandan leaves, which contain compounds
alkaloids  and

such as saponins.
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Consequently, as the concentration of
pandan leaf extract increases, so does the
pH of the soap.

The surfactant MES also affects the
pH, typically lower (around pH 4) due to the
sulfonic group releasing H+ ions more
readily, resulting in a more acidic solution.
The data in Table 4 show that the pH of liquid
soap increases with the addition of fragrant
pandan leaf extract, reflecting the alkaline
nature of its components. However, the
addition of eco-enzymes also influences the
pH. Formulations with only pandan leaf
extract exhibit lower pH levels, even when the
concentration of pandan extract is higher,
compared to the formulation with 5% eco-
enzyme and 15% pandan leaf extract. It is
important to note that if the soap's pH is too
high (pH > 11), it may cause skin irritation,
such as dryness and irritation. Conversely, a
low or acidic pH (pH < 8) can also lead to skin

discomfort, including itching and sores. The

liquid soap produced in this study had a
slightly acidic pH because it did not use alkali
as a primary raw material. This formulation is
categorised as mild soap in the cosmetics
industry, which is particularly suitable for
babies, children, and adults with sensitive
skin. Previous research indicates that
cleaning products safe for babies should
have a pH close to 5.5. Furthermore, soap
with this pH is recommended for individuals
with skin barrier conditions, such as atopic
dermatitis and ichthyosis. High-quality soap
can exacerbate xerosis and compromise skin
barrier function, making the skin more

susceptible to pathogenic bacteria [39].

3. Density Test

The density test determines liquid
soap's consistency and viscosity or density.
Density also affects how the soap is
distributed to clean the dirt and bacteria on

the skin more effectively.

Table 5. Liquid Soap Density Test Results

Variations in the additional compositions of Eco-

No. enzyme: Pandan Wangi leaf extract Density Value (gr/mL) + SD
1 MES 0,98 + 0,015282
2 20% Eco-enzyme 0,99 + 0,01528°
3 15% Eco-enzyme: 5% Pandan Wangi leaf extract 1,01 £ 0,01000¢
4 10% Eco-enzyme: 10% Pandan Wangi leaf extract 1,02 + 0,010004
5 5% Eco-enzyme: 15% Pandan Wangi leaf extract 1,06 + 0,01000¢
6 20% Pandan Wangi leaf extract 1,08 + 0,01000f

Based on Table 5, the density of the
liquid soap increases as the amount of
pandan leaf extract used in the formulation
increases. This is likely because a higher
extract concentration contributes to the
overall weight of the soap, leading to an
increase in density. The increased density

suggests that the water content in the soap is

decreasing, resulting in more closely packed
particles [38]. The type of surfactant used
also plays a role; for instance, MES has a
longer carbon chain (C16) and a high boiling
point, making it more challenging to dissolve
[40]. Additionally, the inclusion of salt in the

formulation affects the viscosity of the soap.
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The liquid soaps produced with
varying compositions exhibit significantly
different densities, ranging from 0.99 to 1.08
g/mL, which aligns with findings from
previous research [41]. The composition of
the formula directly influences the specific
gravity of the soap. Ideally, the specific
gravity of liquid soap should be close to that
of water, around 1.01 g/mL. A significant
difference between the specific gravity of the

oil and water phases can lead to emulsion

instability. Viscosity is another factor that
impacts the specific gravity of liquid soap.
The viscosity also affects consumer
acceptance, as consumers prefer thicker

liquid soap [41].

4. Viscosity Test

The viscosity test is one part of the
soap parameter test that determines the
quality of the soap supply that is suitable for
use. The test results can be seen in Table 6.

Table 6. Viscosity Test Results of Liquid Soap

Liquid soap with the addition of

No Eco-enzyme: Pandan Wangi leaf extract Viscosity cP + SD
1 20% Eco-enzyme 1,07 £ 0,0102
2  15% Eco-enzyme: 5% Pandan Wangi leaf extract 1,22 + 0,015P
3 10% Eco-enzyme: 10% Pandan Wangi leaf extract 2,28 + 0,402¢
4 5% Eco-enzyme: 15% Pandan Wangi leaf extract 3,59 + 0,025¢
5 20% Pandan Wangi leaf extract 5,61 £ 0,010¢

According to the data in Table 6, the
viscosity test results show an increase in
thickness as the concentration of pandan
wangi leaf extract increases. This is because
viscosity and density are closely related; as
the density of the soap increases, the
viscosity also increases proportionally [42].
This finding aligns with previous research,
where the viscosity of liquid soap, without
the addition of thickening agents, ranged
from 1.07 to 5.61 cP [39]. The increase in
viscosity with higher concentrations of
fragrant pandan leaf extract is attributed to
the corresponding increase in specific
gravity.

Viscosity plays a crucial role in the
pourability of liquid soap. If the viscosity is
too high, the soap may be difficult to

dispense from its container. Conversely, if

the viscosity is too low, the soap will flow too

easily, leading to faster depletion [39].

5. Antibacterial Activity Test

Liquid soap is a crucial component of
daily hygiene, effectively removing dirt, dust,
and oil accumulated from environmental
exposure [27]. To ensure its effectiveness
and safety, an antibacterial test is necessary.
The antibacterial activity of the soap was
evaluated using the disc diffusion method
against Staphylococcus aureus bacteria. The
agar disc diffusion method is widely used in
microbiology  laboratories to  assess
antibacterial activity. The zone of inhibition
observed in this test is critical, as it indicates
the effectiveness of the antibacterial agent in
inhibiting bacterial growth. A larger zone of

inhibition ~ suggests a more  potent
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antibacterial effect, highlighting the agent's
potential as an antimicrobial [43].

The area of the clear zone formed
around the disc represents the inhibitory
power of the antimicrobial compounds
against bacterial growth [44]. The principle of
this method is that antibacterial compounds
diffuse into the agar and inhibit the growth of
the test microorganism, resulting in a clear
zone where bacterial growth is suppressed
[45]. Staphylococcus aureus was selected for
this test because it is commonly found on the
skin and is a relevant target for antibacterial
soap [46].

Based on the lipase activity test
results and physicochemical properties, the
liquid soap formulation containing 5% eco-
enzyme and 15% pandan wangi extract was
identified as the optimal preparation and was
subsequently tested for antibacterial activity.
The zone of inhibition in the antibacterial
activity test is categorised into several criteria:
an inhibition zone with a diameter of <5 mm
is considered weak, 5-9 mm is medium, 10-
19 mm is strong, and >20 mm is very strong
[12]. Based on Table 7 and Figure 2, the
antibacterial activity of liquid soap containing
5% eco-enzyme and 15% pandan wangi leaf
extract demonstrated a very strong inhibition
zone of 37.22 mm against Staphylococcus

aureus. Liquid soap with the addition of 5%

eco-enzyme produced an inhibition zone of
15.23 mm, and liquid soap with 15% pandan
wangi leaf extract resulted in an inhibition
zone of 17.13 mm. Both formulations
provided strong bacterial inhibition.

Liquid soap containing only MES
surfactant as the basic ingredient exhibited a
medium-level antibacterial effect, with an
inhibition zone of 6.3 mm. The positive control
(Control +) had an inhibition zone of 25.86
mm, also categorised as very strong, while
the negative control (Control -) showed no
inhibition.

The antibacterial efficacy of the liquid
soap can be attributed to the presence of
flavonoids, which disrupt bacterial cell walls,
and alkaloids, which interfere with the
peptidoglycan component of bacterial cells,
inhibiting protein synthesis and leading to
bacterial death [46]. Saponins also contribute
to antibacterial activity by interacting with
membrane sterols, forming foam that can
disrupt and kill bacteria by releasing proteins
and enzymes from the cells [24]. Additionally,
the eco-enzyme content, including acetic acid
and enzymes like lipase, amylase, and
protease, further enhances the antibacterial
properties of the soap. These findings align
with previous research on the antibacterial
effects of eco-enzymes produced from fruit
peel waste [47, 45, 46].

Table 7. Antibacterial Activity Test Results of Liquid Soap

No. Treatments Inhibitory power + SD Category
1 MES 6,33 £ 6,28 Medium
2 5% Eco-enzyme 15,23 +1.12 Strong
3 15% Pandan Wangi leaf extract 17,13 +8,14 Strong
4 5% Eco-enzyme: 15% Pandan Wangi leaf extract 37,22 £ 1,56 Very Strong
5 control + 25,86 + 7,61 Very Strong
6 control - - -
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Figure 2. The samples of the antibacterial activity test of liquid soap against Staphylococcus
aureus bacteria. (A) liquid soap made from MES, (B) liquid soap with the addition of 5%
eco-enzyme, (C) liquid soap with the addition of 15% pandan wangi leaf extract, (D) liquid
soap with the addition of 5% eco-enzyme: 15 % pandan wangi leaf extract, and (E) control

(+and -)

CONCLUSION

Based on the research results and
discussion, it was concluded that MES
surfactant-based liquid soap with the addition
of eco-enzyme and pandan wangi leaf extract
significantly influenced the properties of the
liquid soap. The lipase activity test results
indicated increased lipase activity with higher
concentrations of eco-enzyme. The liquid
soap exhibited an acidic pH in the pH test, as
it did not use alkali as a raw material. The pH
values for the eco-enzyme, MES, and
pandan  wangi leaf  extract were
approximately 3.4, 4.19, and 5.0,
respectively. The addition of fragrant pandan
leaf extract notably influenced the pH of the
soap, making it more acidic with higher

concentrations of the extract. The density and

viscosity tests revealed that these properties
were also affected by adding pandan wangi
leaf extract, with higher concentrations
leading to increased density and viscosity,
demonstrating the direct proportionality
density and
antibacterial activity test, conducted on the

between viscosity. The
most optimal liquid soap formulation based
on lipase activity and physicochemical tests,
showed a strong antibacterial effect against
Staphylococcus aureus, with an inhibition
zone exceeding 20 mm. Consequently, the
liquid soap formulation chosen for this study
contained 5% eco-enzyme and 15% pandan
wangi leaf extract, which most closely
resembled typical liquid soap preparations.
The final product demonstrated a lipase

activity of approximately 15.778 U/mL, a pH
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of 5.02, a specific gravity of 1.06 g/mL, a

viscosity of 3.59 cP, and an antibacterial

activity with an inhibition zone of 37.22 mm

against Staphylococcus aureus.
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