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Abstract: Staphylococcus aureus is a Gram-positive bacterium that frequently
causes skin infections and can become resistant to various antibiotics. Pineapple
(Ananas comosus) waste, particularly the hump, contains active compounds such
as bromelain, saponins, and flavonoids with known antibacterial properties. This
study aimed to determine the antibacterial potential of liquid soap formulated with
extract and nanoextract of pineapple hump against S. aureus. The pineapple
hump was extracted using maceration with 96% ethanol, followed by nanoparticle
formulation using a high-speed homogenization method. Liquid soap was made
with three formulas, one formula contains a concentration of 12.5% extract and
two formulas contain 1.25% nanoextract of pineapple hump. Antibacterial activity
was evaluated using the disc diffusion method, and the diameter of the inhibition
zones was measured. Results showed that all tested concentrations produced
antibacterial activity, with the 12.5% concentration (Formula 1) exhibiting the
highest inhibition zone (23.2 mm), followed by 1.25% nanoextract nano liquid
soap (18.41 mm) (Formula 3) and 1.25% nanoextract liquid soap (14.53 mm)
(Formula 2). The positive control (Dettol Handwash) produced a larger inhibition
zone (20.08 mm). Data analysis using one-way ANOVA revealed significant
differences for each formula, with a p-value of less than 0.05. These findings
indicate that nanoextract of pineapple hump formulated in liquid soap has
potential as a natural antibacterial agent against S. aureus.

Introduction

Skin infections are a common health problem that affects
individuals worldwide and rank among the top ten most
prevalent diseases in Indonesia (1). Globally, skin infections
contribute significantly to the burden of infectious diseases,
particularly in tropical and developing countries (2). Among
the many causes, bacterial skin infections are a major
concern due to their recurrence, potential complications, and
the rising threat of antibiotic resistance. In Indonesia,
bacterial skin infections are the second most frequently
reported dermatological condition, affecting both children
and adults across various regions (1). Staphylococcus aureus
is one of the primary bacterial pathogens responsible for skin
infections. This Gram-positive bacterium is known to cause a
wide range of infections, from mild conditions such as
impetigo and folliculitis to more severe diseases, including
abscesses, cellulitis, and even life-threatening sepsis. Its
ability to colonize the skin and mucosal surfaces, coupled
with the emergence of multidrug-resistant strains like MRSA
(Methicillin-resistant S. aureus), makes it a significant public
health threat (3). The overuse and long-term use of
antibiotics and synthetic antimicrobials in skin care and
treatment regimens have contributed to adverse effects such
as skin irritation, allergic reactions, and microbial resistance.

Therefore, there is an urgent need for safer, more
sustainable, and cost-effective alternatives to conventional
antibiotics (4).

One promising preventive approach is the use of soap,
particularly liquid soap, to reduce the microbial load on the
skin. Compared to solid soap, liquid soap is considered more
hygienic and practical, as it reduces the risk of cross-
contamination in communal or clinical settings. Furthermore,
natural liquid soap is gaining popularity due to its
biodegradability and minimal potential for side effects (2).
Natural-based formulations can be enriched with plant-
derived extracts that possess antibacterial properties,
offering both efficacy and safety.

Pineapple (Ananas comosus (L.) Merr.) is one such plant
with known antimicrobial potential. Interestingly, the
pineapple hump, often discarded due to its hard texture and
lack of sweetness, is a valuable source of bioactive
compounds. Research has shown that pineapple hump
extract contains secondary metabolites, including flavonoids,
alkaloids, tannins, saponins, steroids, and glycosides, which
exhibit antibacterial activity (3). A study demonstrated that
nanoserum formulated from pineapple hump extract
inhibited the growth of S. epidermidis, with a significant
inhibition zone diameter at higher concentrations (4). The
incorporation of nanoparticle-sized active ingredients into
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liquid soap has been proposed as a means to enhance its
effectiveness  (5). Nanoparticles can increase the
bioavailability and penetration of active compounds, allowing
them to reach target sites more efficiently due to their small
size and large surface area (6). This innovation is particularly
relevant for topical applications, where barrier penetration is
crucial (5).

However, to date, studies evaluating the antibacterial
efficacy of liquid soap formulations containing both
conventional and nano-sized pineapple hump extracts
remain limited. There is a lack of direct comparative data on
whether nanoformulation significantly enhances
antimicrobial performance in such soap-based systems (7).
Therefore, this study aims to develop and compare liquid
soap formulations containing extract and nanoextract of
pineapple hump, and to evaluate their antibacterial activity
against S. aureus.

Experimental Section

Materials

The materials used in this research included Coconut Oil
(Tropical®, PT. Bina Karya Prima, Indonesia), Potassium
Hydroxide (Merck®, Merck KGaA, Germany), Hydroxypropyl
Methylcellulose (Sigma-Aldrich®, Merck KGaA, Germany),
Butylated Hydroxitoluene (Sigma-Aldrich®, Merck KGaA,
Germany), Glycerin (Brataco®, PT. Brataco Chemical,
Indonesia), Stearic Acid (Sigma-Aldrich®, Merck KGaA,
Germany), 96% Ethanol (Brataco®, PT. Brataco Chemical,
Indonesia), 0.1 N Hydrochloric Acid (Merck®, Merck KGaA,
Germany), Mueller Hinton Agar (Oxoid®, Thermo Fisher
Scientific, UK), Plate Count Agar (Oxoid®, Thermo Fisher
Scientific, UK), 0.9% Natrium Chloride (Otsuka®, Otsuka
Pharmaceutical Co., Japan), S. aureus ATCC 25923 (Ox0id®,
Thermo Fisher Scientific, UK) and Dettol Handwash (Dettol,
Reckitt Benckiser, UK).

The equipment used in this research was a Rotary
Evaporator (Eyela® N-1110, Tokyo Rikakikai Co., Ltd.,
Japan), Micropipette (Larcksci® LP-Series, Larcksci, USA),
Oven (Memmert® UN110, Memmert GmbH + Co. KG,
Germany), Autoclave (B-One® 24L, B-One Medical
Equipment, China), Incubator (Memmert® IN55, Memmert
GmbH + Co. KG, Germany), Laminar Airflow (Biobase® BBS-
V800, Biobase Biodustry Co., Ltd., China), Homogenizer
(IKA® T25 digital ULTRA-TURRAX®, IKA-Werke GmbH & Co.
KG, Germany), Ultrasonic Cleaner (B-One® UC-20L, B-One
Medical Equipment, China), Particle Size Analyzer (PSA)
(Fritsch® ANALYSETTE 22 NanoTec plus, Fritsch GmbH,
Germany) and Transmission Electron Microscopy (TEM)
(JEOL® JEM-1400Flash, JEOL Ltd., Japan).

Sample Collection and Preparation

The sample used was the pineapple hump, obtained fresh
from a local rujak vendor in Medan, Indonesia. The hump was
first washed thoroughly under running water to remove dirt
and contaminants, then peeled, chopped into small pieces,
and air-dried at room temperature (25-27 °C) for 2-3 days in
a shaded, well-ventilated area to prevent photodegradation
of active compounds. The dried material was then oven-dried
at 40 °C for 12 h to remove residual moisture before being
ground into a coarse powder using a laboratory blender. The
powdered material was macerated in 96% ethanol for 72 h at
room temperature in a closed container, kept in the dark,
and stirred gently every 12 h for 15 min to enhance the
extraction efficiency. After maceration, the extract was

filtered, and the filtrate was concentrated using a rotary
evaporator at 50 °C under reduced pressure to obtain a thick
extract. The extract was stored in an amber bottle at 4 °C
until further use. For nanoextract preparation, the pineapple
hump extract was homogenized using a homogenizer at a
speed of 1,700 rpm for 1 h at room temperature.
Subsequently, the homogenized extract was placed in an
ultrasonic cleaner and sonicated for 1 h to reduce particle
size to the nanometer scale. The resulting nanoextracts were
then analyzed for particle size using a Particle Size Analyzer
(PSA). The morphology of the nanoextract was studied using
Transmission Electron Microscopy (TEM).

Phytochemical Screening

Phytochemical screening was conducted to qualitatively
identify the presence of key secondary metabolites in both
the pineapple hump extract and its nanoformulation. The
tests were performed using standard colorimetric methods,
as described by (8) and further adapted by (9), which enable
the detection of major phytochemical groups, including
alkaloids, flavonoids, saponins, tannins, steroids, and
glycosides.

Liquid Soap Preparations

Heat the coconut oil to 60 °C, then add a 10% KOH solution
gradually while continuing to heat. Use a magnetic stirrer
until a soap paste is formed. Then, add approximately 15 mL
of distilled water and stir until the mixture is homogeneous.
Add pineapple root extract and stir until the mixture is
smooth and homogeneous. Add Hydroxypropyl
Methylcellulose (HPMC), developed with hot distilled water,
to the mixture. Then, add melted glycerin, Butylated
Hydroxytoluene (BHT), and stearic acid. Then, add distilled
water and stir with a magnetic stirrer until a homogeneous
liquid soap is obtained (10).

The nanoextracts formulations (Formulas 2 and 3) were
deliberately designed to contain a lower concentration
(1.25%) compared to the conventional extract formulation
(Formula 1, 12.5%). This decision was based on the unique
properties of nanoparticles, which offer significant
advantages in terms of delivery efficiency and bioactivity.
When plant extracts are processed into nanoscale particles,
the total surface area increases dramatically, thereby
enhancing the interaction between active compounds and
bacterial cell membranes. This allows the same or even
greater biological effect to be achieved using a smaller
quantity of the active substance.

Moreover, nanoparticles possess better penetration
capabilities due to their small size, allowing them to more
effectively reach and disrupt bacterial cells. Previous studies
have reported that nanostructured delivery systems can
improve solubility, stability, and antibacterial performance,
even at lower doses (6, 7). Thus, in this study, we evaluated
whether reducing the concentration to one-tenth of the
original (1.25% vs. 12.5%) would still provide adequate
antibacterial activity. In addition to efficacy considerations,
formulation stability was also taken into account. Higher
concentrations of nanoextracts can potentially alter the
physicochemical properties of liquid soap, including viscosity,
foam stability, and pH. Therefore, selecting a lower yet
functionally effective concentration was intended to maintain
both antibacterial performance and product quality. This
approach aligns with the core principle of nanotechnology in
formulation science: achieving more with less.
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Table 1. Pineapple hump extract liquid soap formula.

Formulas (gr)

No Material

FO
1 Pineapple hump extract -
2 Pineapple hump nanoextract -
3 Coconut oil 28.8
4 KOH 10% 5.15
5 HPMC 0.5
6 BHT 0.02
7 Glycerin 18.75
8 Stearic acid 2
9 Aquadest 100

Fl F2 F3
12.5 - -

- 1,25 1,25
28.8 28.8 28.8
5.15 5.15 5.15
0.5 0.5 0.5
0.02 0.02 0.02
18.75 18.75 18.75
2 2 2
100 100 100

Description: FO = blank, F1 = liquid soap formula contains 12.5% pineapple hump extract, F2 = liquid soap formula contains 1.25%
pineapple hump nano extract, and F3 = nanoliquid soap formula contains 1.25% pineapple hump nano extract.

Nanoliquid Soap Preparations

The soap mass prepared based on the composition shown in
Table 1 was then incorporated with 1.25 g of pineapple
hump nanoextract to formulate Formula 3. The mixture was
homogenized for 1 h to ensure uniform dispersion of the
nanoextract, followed by sonication for an additional hour to
enhance nanoparticle distribution and minimize aggregation.
This process yielded the final nanoliquid soap formulation
labeled as Formula 3 (5).

Evaluation of Liquid and Nanoliquid Soap

Preparations

This research evaluated various physicochemical and
microbiological properties of the liquid and nanoliquid soap
formulations. The tested parameters included:

Particle Size Measurement

The particle size of the extract, nanoextract, and final soap
formulations was measured using a Particle Size Analyzer
(PSA) (Fritsch® ANALYSETTE 22 NanoTec Plus). Each sample
was diluted in distilled water and sonicated for 5 min to avoid
aggregation. Measurements were taken in triplicate, and the
average size (in nanometers) was recorded.

Organoleptic Observation

The organoleptic properties, including color, odor, and
physical consistency, were assessed both visually and
through olfactory evaluation. The color was observed under
natural daylight, odor was assessed by a panel of three
evaluators, and physical form was recorded (e.g., thick,
translucent, homogeneous).

pH Measurement

pH was measured using a calibrated digital pH meter
(HANNA Instruments®, USA). Approximately 5 mL of each
soap formulation was placed in a clean beaker, and the pH
probe was immersed for 1 minute to obtain a stable reading.
All measurements were performed at room temperature (25
+ 1°C) and repeated in triplicate.

Density

Density was determined by weighing 1 mL of each
formulation using a 1 mL pycnometer at room temperature.
The weight was divided by the volume to obtain specific
gravity in g/mL. The measurement was repeated three times

for accuracy.

Free Alkali Content

Free alkali content was evaluated by titrating the soap
sample against 0.1 N HCI. About 1 g of soap was dissolved in
25 mL of hot distilled water, cooled, and phenolphthalein was
added as an indicator. The sample was titrated with 0.1 N
HCI until the pink color disappeared. The percentage of free
alkali was calculated using the standard formula.

Microbial Contamination (Total Plate Number)

Total Plate Number (TPC) testing was conducted exclusively
on Formula 1, which showed the highest antibacterial activity
among all formulations. The purpose of this test was to
evaluate the microbial contamination level of the most
promising soap formula. 1 g sample of liquid soap
preparation from pineapple hump extract was serially diluted
using sterile saline (0.9% NaCl) up to 10-3. From each
dilution, 1 mL was plated on Plate Count Agar (PCA) using
the pour plate method. Plates were incubated at 37 °C for
24-48 h. Colony-forming units (CFU) were counted and
expressed as CFU/g. The results were compared with the
acceptable limits set by the Indonesian National Standard
(SNI 16-4380-1996), which states the total plate number
must be below 10> CFU/g.

Foam Stability

Foam stability was assessed by shaking 25 mL of the soap
solution (prepared as a 1:10 dilution with distilled water) in a
100 mL graduated cylinder for 1 minute. The foam height
was measured immediately and then again after 5 min had
passed. Foam stability was calculated as a percentage of
foam remaining after 5 min compared to the initial foam
height.

Antibacterial Activity Test

The antibacterial activity of the liquid soap formulations was
evaluated using the agardisc diffusion method against S.
aureus ATCC 25923. The bacteria were reactivated in
Mueller-Hinton Broth (MHB) at 37 °C for 18-24 h before
testing. A suspension of S. aureus was adjusted to match the
turbidity of a 0.5 McFarland standard (approximately 1.5 x
108 CFU/mL). Mueller Hinton Agar (MHA) plates were
prepared and evenly swabbed with the bacterial suspension
using a sterile cotton swab. Sterile paper discs (6 mm in
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diameter) were then impregnated with 100 pL of each soap
formulation (FO-F3), dried briefly, and placed on the
inoculated agar surface. In this study, Dettol® Handwash
(Reckitt Benckiser, UK) was used as the positive control, and
the base formulation without active ingredients (Formula 0)
served as the negative control. Both controls were treated
under the same experimental conditions as the test samples,
including the volume of 100 pL applied per disc, and were
processed in parallel throughout the entire procedure. This
standardization ensured that the comparisons of
antibacterial activity were reliable and attributable to the
presence or absence of active ingredients in the respective
formulations.. All plates were incubated at 37 °C for 24 h.
After incubation, the diameter of the inhibition zones was
measured in millimeters using a digital caliper. Each test was
performed in triplicate, and the mean * standard deviation
was calculated. The antibacterial activity was categorized
according to zone diameter as follows: weak (<10 mm),
moderate (10-15 mm), strong (15-20 mm), and very strong
(>20 mm) (11).

Data Analysis

The antibacterial activity data obtained in this study were
statistically analyzed using one-way Analysis of Variance
(ANOVA) to determine whether there were significant
differences among the tested formulations. When a
significant difference was identified (p < 0.05), the analysis
was followed by Tukey's Honestly Significant Difference
(HSD) post-hoc test to compare the mean inhibition zones
between individual groups. All statistical analyses were
performed using the Statistical Package for the Social
Sciences (SPSS) version 26.0 (IBM Corp., Armonk, NY, USA).

Results and Discussion

Phytochemical Screening Result

Phytochemical screening was conducted to validate the
presence of secondary metabolites in both the extract and
nanoextract of pineapple hump (Ananas comosus (L.) Merr).
The results revealed the presence of alkaloids, flavonoids,
saponins, tannins, steroids, and glycosides in both
preparations. These compounds are widely recognized for
their biological activity, particularly in antimicrobial
applications. Flavonoids are known for their ability to inhibit
bacterial growth through multiple mechanisms, including
disruption of bacterial membranes, inhibition of nucleic acid
synthesis, and interference with energy metabolism.
Saponins, on the other hand, act as natural surfactants and
are believed to increase membrane permeability, ultimately
leading to cell lysis. Alkaloids are known to bind with
microbial DNA, disrupting replication processes. Tannins can
inactivate microbial enzymes and precipitate proteins, while
steroids and glycosides may contribute to antimicrobial
activity by interfering with the stability of bacterial
membranes (12, 13).

Characterization of Extract and Nanoextract

Figure 1 shows the morphology of the pineapple hump
nanoextract  observed at  80,000x  magnification,
characterized by a round shape and an approximate
diameter of 50 nm. Based on Table 2, it can be observed
that the pineapple hump nano extract has a smaller particle
size than the pineapple hump extract. This is because the
nanoextract was made using a homogenizer and sonicated
for 1 hour. Homogenizers and ultrasonication can reduce

Figure 1. Results of morphological observations using TEM.

Table 2. Particle size of sonicated and non-sonicated
extracts.

Sample Particle Size
Pineapple hump extract 873 nm
Pineapple hump nanoextract 76 nm

particle size (14). The principle of a homogenizer in reducing
particle size is to minimize grain size by grinding the
particles, resulting in smaller particles than the original size
(15). Meanwhile, the sonication method utilizes ultrasonic
waves, where an ultrasonic electric generator converts an
electrical signal into physical vibrations (ultrasonic waves),
resulting in a powerful effect (cavitation effect) on the
solution, which causes the molecules to break apart (14).

Evaluation of Liquid Soap Extract and

Nanoextract Pineapple Hump Extract

Liquid Soap Particle Size

Based on Figure 2, the results indicate that the smallest
particle size is observed for Formula 3, specifically 452 nm in
diameter. Liquid soap and liquid nano soap preparations
from pineapple hump extract and nano extract did not
exhibit any specific physical differences. The difference only
lies in the particle size, where the particle size of Formula 3
is the smallest compared to the other formulas. This occurs
because the process of making formula 3 involves a
homogenizer and sonication process, each lasting 1 hour.
Homogenizers and ultrasonication can reduce particle size
(14).

Harsono (2021) states that nanoparticles measure
between 1 and 1,000 nanometers (16). The small particle
size of liquid soap can be more optimal for skin cleaning.
Because the small particle size effectively lifts dirt and enters
the stratum corneum, liquid soap has a maximum effect. The
diameter of the nanoparticle is the most critical parameter
that determines its ability to penetrate the skin. Smaller
nanoparticles can passively transfer through the skin barrier
and reach systemic circulation. The outermost layer of the
skin, namely the stratum corneum, is practically
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Figure 2. Liquid soap particle size chart.

Table 3. Results of organoleptic examination of liquid soap
preparations.

Organoleptic
No Parameter

F1 F2 F3
1. Form Thick  Thick Thick Thick
2. Smell Typical Typical Typical Typical
3. Color White Dark brown Light brown Light brown

impermeable to larger particles. Many studies have
described a decrease in the permeability of nanoparticles
through the skin with increasing particle size. The maximum
ability of nanoparticles to reach deeper layers of the skin
through hair follicles has been confirmed by many
researchers for organic and inorganic nanoparticles (17).

Organoleptic

The organoleptic properties of the liquid soap formulations,
including their texture, odor, and color, were assessed
visually to evaluate the overall physical appearance and
acceptability of the products. The results of this evaluation
are summarized in Table 3. A noticeable color difference
was observed among the formulations. Formula 1, which
contained 12.5% pineapple hump extract, appeared dark
brown. This darker hue is likely due to the higher
concentration of natural phytochemicals such as
polyphenols, flavonoids, and tannins, which are known to
impart intense pigmentation.

In contrast, Formulas 2 and 3, both containing only
1.25% of nanoextract, displayed a lighter brown color. The
reduced intensity is attributed not only to the lower
concentration of the extract but also to the smaller particle
size, which can influence how light interacts with the
formulation. Nano-sized particles tend to scatter light
differently, often resulting in a lighter or more translucent
appearance. This color variation is typical in plant-based
formulations and may serve as a visual indicator of the
extract type and concentration. Moreover, the
nanoencapsulation process may further stabilize certain
phytoconstituents, subtly altering the color profile of the final
product (17, 18)

pH
The pH test on liquid soap preparations is one of the key
requirements for the quality of liquid soap, as it comes into
direct contact with the skin. If the pH value does not match
the skin's pH, it can cause problems. The pH test results are
shown in Figure 3.

The pH values of the liquid soap formulations were found
to range between 8 and 11, which aligns with the acceptable

10
a5 ~25 -y 9.4
I ~ o
o ~B88
8.5
8 T T T
FO F1 F2 F3
Formula
Figure 3. pH of the extract liquid soap formula.
© 0.1
£ 008 -.0.08 —0:08 - 0.08
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Y002
(N5
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FO F1 F2 F3
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Figure 4. Alkaline content of liquid soap extract formula.

range established by the Indonesian National Standard for
liquid bath soap (1, 19). This pH range is considered safe for
skin application, as it helps maintain the stability and
cleansing efficiency of the product without causing irritation
or disrupting the skin's natural barrier (2). Among the tested
formulas, Formula 1 exhibited the lowest pH value. This
result is likely due to its higher concentration of pineapple
hump extract (12.5%), which contains various organic acids,
including citric acid, malic acid, and oxalic acid (20, 21).
These acidic constituents can lower the overall pH of the
formulation. A study by (22) confirmed that increasing
concentrations of pineapple-derived extract can significantly
reduce pH levels in topical preparations due to the acidic
nature of the phytochemical content (10, 11). Maintaining an
appropriate pH is crucial, as values that are too low (acidic)
or too high (alkaline) may lead to skin irritation, dryness, or
disruption of the skin microbiome. Therefore, pH monitoring
remains an essential quality control parameter in the
formulation of herbal-based soaps.

Alkaline Free

Based on Figure 4, the free alkali content in all tested liquid
soap formulations (Formulas 0, 1, 2, and 3) met the quality
requirements set by the Indonesian National Standard, which
stipulates that free alkali levels in liquid soap should not
exceed 0.1% to ensure safety and prevent skin irritation (1).
Among the formulations, Formula 1 exhibited the lowest free
alkali content. This finding corresponds with its lower pH
value compared to the other formulations. In general, free
alkali levels are positively correlated with pH. Higher pH
values typically reflect higher concentrations of residual
alkali in the soap. This relationship has been previously
documented in studies analyzing the effect of alkaline
components on soap pH and skin compatibility (12).
Maintaining low free alkali content is essential to avoid
adverse effects on the skin, such as dryness or irritation,
particularly in formulations intended for frequent or
prolonged use.

Density
According to SNI, the density of a liquid soap preparation
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Figure 5. Specific weight of extract liquid soap formula.

ranges from 1.01 to 1.1 g/mL. Figure 5 shows that Formula
1, which contains the highest concentration of pineapple
hump extract (12.5%), had the lowest specific gravity
compared to the other formulations. This finding suggests
that increasing the concentration of plant extract tends to
reduce the specific gravity of the liquid soap. This is
consistent with previous studies, which have reported that
the inclusion of plant-based additives, particularly those rich
in water-soluble phytochemicals, can decrease the overall
density of soap formulations (13). The observed reduction in
specific gravity may be attributed to the presence of
lightweight organic compounds in the extract, which alter
the formulation composition and viscosity. Despite these
differences, the specific gravity values of all tested
formulations remained within the acceptable range, as
specified by the Indonesian National Standard, which states
that the specific gravity of liquid bath soap typically ranges
between 1.01 and 1.10 g/mL (1).

Microbial Contamination (Total Plate Number)

The results of observations of the total plate number for
liquid soap preparation from pineapple hump extract can be
seen in Table 4. Based on the total plate count results, all
liquid soap formulations containing pineapple hump extract
showed microbial contamination levels that complied with
the Indonesian National Standard for liquid bath soap, which
sets the maximum allowable microbial load at less than 1 x
103 colony-forming units (CFU) per gram of product. All
samples tested in this study were within this limit, indicating
acceptable microbiological quality. The presence of bacterial
colonies in soap formulations is often influenced by factors
such as the water content, pH, preservative system, and the
microbial load of raw plant materials. Higher colony counts
may reflect greater microbial contamination, either from the
environment during processing or from the natural microbial
flora associated with plant-based ingredients (23). Therefore,
maintaining good manufacturing practices and incorporating
effective preservatives is essential to ensure the
microbiological safety of natural-based formulations.

Foam Stability

Foam stability testing in liquid soap aims to determine the
stability of the foam produced from the soap solution within
5 min. Foam stability is a critical parameter in evaluating the
performance of liquid soap, as it reflects the product's ability
to maintain foam over time during use. As shown in Table 5,
Formula 1, containing 12.5% pineapple hump extract,
exhibited the highest foam stability, with a mean value of
91.73 + 0.97%. This finding suggests that the presence of
pineapple extract has a positive influence on the foaming
properties of the formulation. The enhanced foam stability is
likely attributed to the presence of saponins, naturally
occurring amphiphilic compounds found in pineapple plant

material. Saponins possess both hydrophilic (water-
attracting) and lipophilic (oil-attracting) components,
allowing them to act as natural surfactants. When dissolved
in water, saponins reduce surface tension, facilitating the
generation of foam.

Furthermore, their molecular structure helps stabilize
foam by forming micelles that trap air and prevent rapid
collapse (24, 25). In addition to the phytochemical content,
foam stability is also influenced by formulation factors,
including the degree of saponification and the amount of
water used in the formulation. Complete saponification of
fatty acids (e.g., coconut oil in this formulation) enhances the
soap's ability to form and retain foam. Moreover, water
dilution can increase foam volume but may reduce its
density and longevity if not optimally balanced (26). Thus,
the high foam stability observed in Formula 1 likely results
from the synergistic effect of high saponin content and
efficient saponification.

Antibacterial Activity of Liquid Soap
Preparations against Staphylococcus aureus
As presented in Table 6, the antibacterial activity of the
nano liquid soap (Formula 3) showed an inhibition zone that
was nearly comparable to that of Formula 1, which contains
a higher concentration (12.5%) of the conventional pineapple
hump extract. Interestingly, although Formula 3 contained
only 1.25% of the nanoextract, approximately one-tenth of
the active substance compared to Formula 1, it still
demonstrated a relatively strong antibacterial effect. This
could be attributed to its smaller particle size, which
enhances the ability of the active compounds to interact with
bacterial cell walls. Smaller particles may increase surface
area and improve cellular penetration, a phenomenon
supported by (27), who reported that nanoparticles can
disrupt bacterial membranes more effectively due to their
enhanced permeability and retention properties. The
antibacterial effect of liquid soap against S. aureus is
primarily attributed to the surfactants that disrupt bacterial
membranes and facilitate the mechanical removal of
microbes. When enriched with pineapple hump extract, the
soap gains additional antibacterial mechanisms due to the
presence of bioactive phytochemicals. Compounds such as
bromelain, flavonoids, saponins, and organic acids act
synergistically to degrade bacterial proteins, disrupt
membranes, inhibit nucleic acid synthesis, and lower
environmental pH. These combined effects enhance the
soap’s ability to inhibit S. aureus, offering both surface
cleansing and biological antimicrobial action (28, 29).
However, in this study, Formula 1 exhibited the greatest
inhibitory effect, surpassing both nano-based formulations.
This finding suggests that while nanoparticle technology
offers theoretical advantages in terms of delivery and
bioavailability, it does not always guarantee superior
biological efficacy, particularly for certain types of plant-
based extracts (30, 31). One possible explanation is that the
conventional extract may contain a broader spectrum of
bioactive compounds in their native form, some of which
might be degraded or altered during the homogenization and
sonication processes used to produce nanoparticles.
Moreover, the extraction and nano-sizing processes may
influence the stability, solubility, or synergistic interactions
among phytochemicals. In some cases, certain compounds
responsible for antimicrobial activity may become less
effective or even inactivated when reduced to the nanoscale
(32). This finding aligns with previous studies suggesting that
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the biological activity of herbal nanoparticles is highly
dependent on the type of plant material and the nature of its
active constituents (22, 33). In conclusion, while
nanoformulations offer promising potential, this study
highlights that particle size reduction does not always
enhance antibacterial efficacy, especially when working with
complex botanical extracts, such as pineapple hump. Further
investigation into the stability and bioactivity of individual
compounds during the nanoformulation process is
warranted.

One-way ANOVA analysis revealed a statistically
significant difference in the inhibition zone diameters among
the tested liquid soap formulations (p < 0.05), indicating that
the type and concentration of the extract influenced
antibacterial efficacy against S. aureus. Post-hoc analysis
using Tukey’s HSD test showed that Formula 1 (containing
12.5% pineapple hump extract) had a significantly larger
inhibition zone compared to Formulas 0 (blank), 2, and 3
(both containing 1.25% nanoextract). However, there was no
statistically significant difference between Formula 1 and the
positive control (commercial antibacterial soap), suggesting
that the antibacterial activity of Formula 1 is comparable to
that of the commercial product. Conversely, the inhibition
zones of Formulas 0, 2, and 3 were significantly different
from both Formula 1 and the positive control. This confirms
that while the nanoextract formulations exhibited moderate
to strong antibacterial activity, they were less effective than
the crude extract at higher concentrations.

Conclusion

Among the tested formulations, the soap containing 12.5%
crude extract (Formula 1) showed the highest inhibition
zone, indicating the strongest antibacterial effect. Although
the nanoextract-based formulation (Formula 3) contained
only one-tenth of the active substance, it still displayed
considerable inhibitory activity, suggesting that nanoparticle
size may enhance bioavailability and penetration. Statistical
analysis using one-way ANOVA followed by Tukey’s post-hoc
test confirmed significant differences among the
formulations (p < 0.05). However, the findings also revealed
that nano-sizing does not always guarantee improved
antibacterial efficacy. In this case, the conventional extract
outperformed its nano counterpart, potentially due to the
loss or alteration of bioactive compounds during the
nanoformulation process. These results suggest that while
nanoparticle technology holds promise, the formulation
strategy must be tailored to the specific characteristics of
the plant extract. Further studies are needed to optimize
nanoformulation parameters and to investigate the stability
and integrity of active compounds in nanoscale preparations.
This study demonstrated that liquid soap formulations
containing both pineapple hump extract and nanoextract
exhibit antibacterial activity against S. aureus.
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