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Abstract Antiseptic and herbal soaps labeled as antibacterial are widely available
in Sri Lanka, yet their antimicrobial efficacy against skin pathogens is not well
documented. This study aimed to evaluate the antibacterial activity of eight
selected soap samples, including two widely available commercial brands, two
doctor-prescribed antiseptic soaps, and four herbal soaps, against selected skin
pathogens. Agar well diffusion and broth dilution assays were used to measure
antibacterial activity and determine the minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) values. Test organisms included
a common skin pathogen Staphylococcus aureus (ATCC 25923), as well as
Pseudomonas aeruginosa (ATCC 27853) and Klebsiella pneumoniae (ATCC
700603) known to be associated with skin infections in immunocompromised
people. Among these, only S. aureus revealed zones of inhibition (ZOI) in the
agar diffusion assay against all tested soap samples. Antiseptic soaps prescribed
by physicians exhibited maximum antibacterial activity with the highest ZOI (15
+ 1.0 mm), while herbal soaps revealed comparatively less activity, with the
lowest zone of (9.2 + 0.3 mm) at the concentration of 150 mg/mL. The MIC values
for P. aeruginosa and K. pneumoniae ranged from 25 to 100 mg/mL, while those
for S. aureus ranged from 12.5 to 50 mg/mL. In broth dilution tests, all soap
samples demonstrated both bacteriostatic and bactericidal activity, indicating
their potential role in controlling skin infections caused by these pathogens.
However, Further studies are needed to evaluate their efficacy against a broader
range of microorganisms responsible for skin-related infections.

Keywords: Bacteria, Soaps, Skin infections, Zones of inhibition, Agar well
diffusion, Staphylococcus aureus

1 Introduction

Skin infections are a common public health concern in many developing countries,
especially tropical regions, due to favorable temperatures and humidity for the growth
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of microbes (Igbeneghu ef al. 2013). According to a community-based study conducted
in Sri Lanka, 47.6% of people in a suburban population had skin disorders, with
dermatitis and fungal infections being the most common, highlighting significant skin
conditions in the region (Perera et al. 2000). Though less commonly reported, bacterial
skin infections are nonetheless clinically significant due to their severity and increasing
antibiotic resistance.

Various environmental microorganisms can come into contact with human skin,
particularly in the absence of proper hygiene. Some can directly cause infections, while
others become toxic when introduced into wounds or transferred via contaminated
surfaces (Beumer and Kusumaningrum 2003). Among the bacteria, Staphylococcus
aureus is a major cause of skin and soft tissue infections. When the skin barrier is
compromised, it becomes invasive, although it often colonizes the skin and nasal
passages. (Jones et al. 2007, Larru and Gerber 2014, Santos Junior et al. 2022). The
Gram-negative bacillus Pseudomonas aeruginosa is known for its ability to form
biofilms and its resistance to many antibiotics (Strateva and Yordanov 2009). Although
it primarily affects immunocompromised individuals, it can also cause superficial
infections in healthy people, such as hot tub folliculitis (Wu et al. 2011). Klebsiella
pneumoniae is another opportunistic pathogen associated with hospital-acquired
infections and severe skin complications in immunosuppressed individuals (Park et al.
2004).

The clinical importance of these organisms has raised concerns about their
resistance to widely used antibiotics. Antimicrobial resistance is becoming more
prevalent in Sri Lankan hospitals and communities, based on recent studies. According
to a community-based study conducted among university students, extended-spectrum
beta-lactamase (ESBL)-producing Escherichia coli or Klebsiella species were found
in 15% of participants, and methicillin-resistant Staphylococcus aureus (MRSA)
colonization was detected in 4.3% of healthy individuals, highlighting the spread of
resistant bacteria outside of clinical settings (Gunasekara et al. 2021). A 2024
surveillance study at a major teaching hospital revealed that 35.9% of S. aureus isolates
were MRSA and 65.8% of Enterobacteriaceae isolates produced ESBLs. Additionally,
carbapenem resistance was present in 7.78% of these Gram-negative isolates.
Senanayake et al. (2024) reported that 29.48% of Pseudomonas species were resistant
to fluoroquinolones or aminoglycosides, and 8.54% were resistant to carbapenems.
These findings emphasize how crucial it is to implement efficient infection control
measures and highlight the potential role of antimicrobial soaps in preventing the
spread of skin infections that are resistant to treatment.

Current antimicrobial resistance trends are making it harder to treat these organisms,
which raises the possibility of persistent or chronic infections. In this sense, using an
effective antibacterial soap may reduce the bacterial load of the skin and lower the risk
of infection. In addition, soap can significantly slow the emergence and spread of
resistance by promoting personal hygiene and reducing the need for antibiotics.
However, some antimicrobial agents used in personal hygiene preparations, such as
triclosan, have long-term effects that have raised concerns because they may cause
cross-resistance if misused (Yazdankhah et al. 2006).
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Formulations of soaps evolved over time to include synthetic antiseptic agents and
plant-derived compounds that exhibit antibacterial properties. Antiseptic soaps are
usually formulated with chemical agents such as triclocarban or chlorhexidine, which
are designed to kill or inhibit a broad spectrum of bacteria. On the other hand, herbal
soaps are enriched with phenolic compounds, natural extracts, or essential oils that
exhibit antimicrobial activity by disrupting microbial membranes and interfering with
cellular functions (Ogunnowo et al. 2010, Ribeiro et al. 2015, Khosrowpour et al.
2019). These differences in composition would result in varied levels of effectiveness.

Both herbal and antiseptic soaps are widely accessible and promoted with
antibacterial claims in Sri Lanka. While only a few preliminary studies exist
(Samaraweera et al. 2023), there is a lack of scientific comparisons that evaluate their
actual antibacterial activities against common skin pathogens. This lack of evidence
affects consumer purchasing decisions, limits the ability of health professionals to
make evidence-based recommendations, and may result in continued use of potentially
ineffective products for preventing skin infections or reducing the spread of bacteria.

In Sri Lanka, where growing rates of antibiotic resistance underscore the necessity
of efficient, evidence-based hygiene practices, assessing the antibacterial qualities of
these soaps is vital. Using herbal preparations for personal hygiene is another cultural
tradition in Sri Lanka. Thus, evaluation of the antibacterial qualities of these herbal
soaps may offer a scientific understanding of well-known cultural customs. There is
limited openly accessible scientific data available assessing these products using
standard microbiological techniques, despite their widespread use and extensive
antibacterial claims. Therefore, filling this evidence gap and producing locally relevant
evidence on the efficacy of these hygiene products is essential for assisting the public
and medical professionals in making well-informed decisions.

This study was therefore conducted to evaluate the antibacterial activity of
antiseptic and herbal soaps available in Sri Lanka against selected skin pathogens.
Specifically, the study aimed to assess the antibacterial effects of doctor-prescribed
antiseptic soaps, commercially available antiseptic soaps, and herbal soaps against S.
aureus, P. aeruginosa, and K. pneumoniae. In addition, the study compared their
relative effectiveness using zone of inhibition, minimum inhibitory concentration
(MIC), and minimum bactericidal concentration (MBC) values.

2 Material and Methods

This study was conducted as a laboratory-based experimental study at the Biomedical
Science Laboratory of Kaatsu International University (KIU), Battaramulla, Sri Lanka.

2.1 Sample selection and collection

Eight samples of soap were selected and categorized into antiseptic and herbal groups,
both of which were labeled by their manufacturers as having antibacterial properties.
Although the sample size is limited, this selection was designed to represent a cross-
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section of products commonly available to Sri Lankan consumers, balancing resource
constraints with product variety.

For the antiseptic category, the two most available commercial soaps (C1 and C2)
were chosen based on documented purchase frequency and consistent availability
across five major supermarkets (coded Supermarkets A—E) in the Battaramulla area.
Monthly sales data collected in December 2022 confirmed that these two brands were
the most frequently purchased antiseptic soaps among all observed outlets. Two
prescription antiseptic soaps (D1 and D2) were also included based on direct
recommendations by practicing pharmacists and dermatologists. Four brands of herbal
soaps (H1-H4) were selected on the basis of packaging claims of antibacterial activity
and plant ingredient content with reported or known antimicrobial activity. Two of
these were bought from supermarket shelves, and the other two were purchased
through a major Sri Lankan online retail platform to address regional variation in
availability. Although a convenience sampling strategy was used, the selection criteria
were designed to reflect commonly used and easily accessible herbal soap products for
Sri Lankan consumers. This method aimed to capture typical consumer products within
the limits of product availability. All soap samples were anonymized and stored under
ambient conditions before analysis.

During the selection process, samples were carefully examined for their ingredients.
However, as exact concentrations of active components were not disclosed by all
manufacturers, the analysis was limited to publicly available information (Table 1).

Table 1: Selected soaps and their active ingredients as per label disclosure.

Category of soap Soap Listed ingredients as per product label disclosure
sample
Most commercially Cl Sodium Palmate, Sodium Palm Kernelate Triclocarbon, Talc,
available antiseptic Tetrasodium EDTA
soaps C2 Sodium Soap Base, Talc, Pine oil, Chloroxylenol, Sodium
C14-16 Olefin Sulfonate.
Doctor-prescribed D1 Coal tar extract, Salicylic acid, Sodium Lauryl Sarcosinate,
antiseptic soaps Corbopol, Aloe vera extract
D2 Coal tar extract, Salicylic acid, Sorbitol, Corbopol, Carpric
acid, Lauric acid, Caprylic acid.
H1 Sodium Palmate, Sodium Palm Kernelate, Lemongrass oil,
Herbal soaps Lemongrass root powder
H2 Sodium Palmate, Sodium Palm Kernelate Turmeric, Erythrina

Variegata (Erabadu) Leaf Extract, Cassia Fistula (Ehela) Leaf
Extract, Indigofera Tinctoria (Nil-Awari) Leaf Extract,
Mimusops Elengi (Munamal)

H3 Sodium Palmate, Sodium Palm Kernelate Eucalyptus, Neem,
Lavender, Lemon, Roamary & Peppermint, Licorice, Moringa
H4 Sodium Palmate, Sodium Palm Kernelate Peppermint, Clove,

Eucalyptus, Camphor
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2.2 Collection of reference bacterial strains

The reference bacterial strains Staphylococcus aureus (ATCC 25923), Pseudomonas
aeruginosa (ATCC 27853), and Klebsiella pneumoniae (ATCC 700603) were
collected from the Biomedical Science Laboratory of Kaatsu International University
(KIU), Battaramulla, Sri Lanka. Further, the bacterial strains were incubated for 24
hours at 37°C after being separately inoculated onto nutrient agar (CM 0148) plates.
The subculture of organisms onto nutrient agar was maintained at 4°C to preserve
viability and prevent overgrowth during storage (Teniola et al. 2019).

2.3 Preparation of test samples

With the help of sterile blades, soaps were scraped, and 0.5 g, 1.0 g, and 1.5 g of each
soap sample were weighed and dissolved in 10 mL of sterile distilled water separately
to obtain 50 mg/mL, 100 mg/mL, and 150 mg/mL, respectively (Teniola et al. 2019).

2.4 Agar well diffusion method

The test organisms from an overnight culture plate incubated at 37°C were suspended
in a saline solution (0.85% NaCl) and adjusted to match a turbidity of 0.5 McFarland
Standard (Olajuyigbe et al. 2017). The standardized test organism suspension was
inoculated on the surface of sterile Mueller-Hinton agar (MHA) (REF24756) plates
using a sterile cotton swab (CLSI 2012). Five wells, each with a diameter of 6 mm
were then punched on the agar plate using sterile pipette tips (200 uL and 100 uL).
Different concentrations of soap samples were added to three of the wells using a
micropipette. Other wells were filled with positive and negative controls.

Gentamicin antibiotic intravenous fluid was used as the positive control, diluted to
0.1 mg/mL. This concentration was chosen based on preliminary testing, which
showed that it produced clear and consistent inhibition zones without being excessively
large, thereby allowing fair comparison with the soap samples. Gentamicin was
selected to use as the positive control due to its broad-spectrum activity against the
Gram-positive and Gram-negative skin pathogens examined in this study, including S.
aureus, P. aeruginosa, and K. pneumoniae (CLSI 2024 a, b). Its routine use as a
reference antibiotic in agar diffusion and broth dilution susceptibility tests
recommended by CLSI (M02, M07) supported its selection as a suitable standard for
determining the antibacterial activity of the soap samples. Sterile distilled water was
used as the negative control.

The plates were allowed to stand for 30 minutes before proceeding. Subsequently,
the plates were incubated at 35 +2 °C for 18-24 hours. The plates were examined after
incubation, and the diameter of each zone of inhibition (ZOI) was measured in
millimeters. The mean ZOI value from three replicates was reported for each
concentration (Abbas et al. 2016, Balouiri ef al. 2016)
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2.5 Quality Control and Experimental Conditions

All culture media were prepared based on the manufacturer's guidelines, and standard
aseptic techniques were followed for all the microbiological procedures. All
experiments were conducted in triplicate on separate days to take day-to-day variation
into account and to ensure the reproducibility of results. For minimizing experimental
bias, the order of testing bacterial strains and soap samples was varied across replicates.
All incubations were conducted in temperature-controlled incubators at 35 + 2°C under
controlled relative humidity of approximately 35-55% to maintain stable
environmental conditions throughout the experiment.

2.6 Determination of minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC)

Minimum inhibitory concentration (MIC) for all the soap samples was determined by
broth macro-dilution as per CLSI (2002) guidelines and previous studies (Obi 2014,
Balouiri ef al. 2016). The stock solution of 400 mg/mL was prepared by dissolving
4.0 g of soap in 10 mL of sterile distilled water. A two-fold serial dilution technique
was selected to prepare a series of working concentrations from this original stock
solution. In an aseptic setting, 1 mL of nutrient broth was poured into six Khan tubes.
To tube 1, 1 mL of the 400 mg/mL soap solution was added and mixed well, resulting
in a final concentration of 200 mg/mL. 1 mL was removed from this tube and poured
into tube 2 with 1 mL of nutrient broth to have a 1:2 dilution (100 mg/mL). This serial
dilution was performed to yield subsequent concentrations of 50 mg/mL, 25 mg/mL,
12.5 mg/mL and 6.25 mg/mL, using sterile micropipettes under aseptic conditions. All
the dilution tubes were inoculated with 100 pL of the test bacterial suspension, which
was diluted to correspond to a 0.5 McFarland standard. Gentamicin intravenous
solution (0.1 mg/mL) was used as the positive control due to its broad spectrum of
activity and CLSI-recommended availability in antimicrobial panels. Sterile distilled
water was used as the negative control. All the tubes were incubated at 35+ 2 °C for
24 hours.

The MIC was defined as the lowest concentration of soap at which no visible bacterial
growth (turbidity) was observed. Each test was conducted in triplicate, and mean MIC
values were recorded. To determine the minimum bactericidal concentration (MBC),
one loopful from each non-turbid broth tube was streaked onto fresh nutrient agar
plates and incubated at 35+ 2 °C for 24 hours. The MBC was recorded as the lowest
soap concentration at which no bacterial colonies appeared on the agar surface (Obi
2014).

2.7 Data analysis

Data collected from the agar well diffusion assay were tested for normality with the
Shapiro—Wilk test and revealed a non-normal distribution. Thus, non-parametric tests
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were used. The Kruskal-Wallis H test was used to assess statistically significant
differences in zone of inhibition (ZOI) among different soap categories and
concentrations against S. aureus. Where significant differences were detected, post hoc
pairwise comparisons with adjustment for multiple testing were performed. Analyses
were conducted using SPSS version 22. Statistical significance was set at p < 0.05.

3 Results

Agar well diffusion test results are shown in Table 2. Tested soap samples exhibited
their antibacterial action against S. aureus, but with varying degrees of inhibition
depending on the category and concentration of the soap. However, none of the soap
samples demonstrated inhibition zones against P. aeruginosa or K. pneumoniae at any
tested concentration, although they exhibited measurable MIC and MBC values in
broth-based assays.

Samples D1 and D2, which belong to the category of doctor-prescribed antiseptic
soaps, exhibited the maximum antibacterial action, yielding the highest Zone of
Inhibition (ZOI) of 15+1.0 mm. On the other hand, most of the herbal soaps had
comparatively less activity, and the lowest ZOI of 9.2+0.2 mm was found with sample
H4 at 150 mg/mL. Samples C1 and C2, which are the most commercially available
antiseptic soaps, also demonstrated antibacterial activity, with the highest ZOI of
12.3+0.3 mm observed for this category at a concentration of 150 mg/mL. The ZOI of
the commercially available antiseptic soaps, however, was lower than that of the
antiseptic soaps prescribed by physicians. Yet, none of the test samples showed any
inhibition zones against P. aeruginosa and K. pneumoniae when using the agar well
diffusion method.

Overall, the zone of inhibition (ZOI) values increased with increasing concentration
levels across all categories, especially between 50 and 150 mg/mL. At higher
concentrations, some herbal samples, such as H4, exhibited only slight inhibition (up
to 9.2 £ 0.2 mm), with responses either plateauing or only slightly increasing. On the
other hand, samples D1 and D2, which belonged to the doctor-prescribed soap
category, displayed a stronger dose-response relationship.

Kruskal-Wallis analysis revealed statistically significant variance (p<0.05) in the
antibacterial activity between the soap types, with doctor-prescribed antiseptic soaps
exhibiting significantly higher activity than commercial and herbal soaps. No
significant difference was observed between the two soaps of the same group in each
type. Soap concentration also significantly influenced ZOI values (p < 0.05), with
higher concentrations (150 mg/ml) consistently producing larger zones of inhibition.

Considering the differences in methodology and sensitivity between the selected test
methods, the concentration range used with the broth-based MIC and MBC
determination was extended beyond that of the agar diffusion test to ensure detection
of bactericidal and inhibitory activities against selected skin pathogens.
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Table 2: Zones of Inhibition of the tested soaps against the mentioned bacteria by the well-
diffusion method.

Soap Soap Concentration of Diameters of Zone of Inhibitions (mm)
Category Sample  Soap Samples
Staphylococcus Pseudomonas Klebsiella
aureus aeruginosa pneumoniae
Most Cl 50 mg/mL 92+0.3 - -
commercial 100 mg/mL 10.0£0 - -
ly available 150 mg/mL 123+£0.3 - -
soap + control 30.5+0.9 23.7+0.6 273 +0.5
- control - - -
C2 50 mg/mL 9.0+0 - -
100 mg/mL 102 +£0.3 - -
150 mg/mL 122+£0.3 - -
+ control 30.7+1.2 23.8+0.2 27.8+0.2
- control - - -
The Doctor D1 50 mg/mL 122+0.3 - -
Prescribed 100 mg/mL 13.3+0.3 - -
soap 150 mg/mL 150+£0 - -
+ control 30.7+£1.2 23.6+£0.5 273+0.5
- control - - -
D2 50 mg/mL 12.1+£0.2 - -
100 mg/mL 13.3£0.6 - -
150 mg/mL 15.0+1 - -
+ control 30.7+1.2 24+0.8 27.5+0.8
- control - - -
Herbal Soap HI1 50 mg/mL 103+£0.3 - -
100 mg/mL 11.3+0.3 - -
150 mg/mL 11.7+0.5 - -
+ control 30.5+0.9 253+0.5 27.6+0.5
- control - - -
H2 50 mg/mL 9.0+0 - -
100 mg/mL 9.7+0.3 - -
150 mg/mL 10.2+0.3 - -
+ control 30.3+0.6 23.6+0.5 273+0.5
- control - - -
H3 50 mg/mL 10.2£0.6 - -
100 mg/mL 10.8 £0.3 - -
150 mg/mL 11.2+0.3 - -
+ control 30.0+£0 24+0.2 27.1+0.5
- control - - -
H4 50 mg/mL 9.0+0 - -
100 mg/mL 9.0+0 - -
150 m/mL 92+0.2 - -
+ control 30.5+0.8 23.5+0.7 27.8+0.8
- control - - -

Based on the results shown in Table 3, all the soap samples examined were found to
be bacteriostatic and bactericidal against the three skin pathogens. Against S. aureus,
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D1 and D2 recorded the lowest MICs of 12.5 mg/mL. MIC values against P.
aeruginosa and K. pneumoniae ranged from 12.5 mg/mL to 100 mg/mL, depending on
the tested soap sample. Among doctor-prescribed antiseptic soaps, D1 exhibited the
least effectiveness against P. aeruginosa and K. pneumoniae, with MICs and MBCs of
100 mg/mL and 200 mg/mL, respectively. Notably, D2 demonstrated lower MICs and
MBCs against all the pathogens tested, showing broader activity. Herbal and
commercially available antiseptic soaps particularly possessed MIC and MBC values
within 25-50 mg/mL (MIC) and 50-100 mg/mL (MBC). However, H1 was found to
be the most potent herbal soap sample, with MIC and MBC values of 25 mg/mL and
50 mg/mL, respectively, comparable to the most commercially available soap samples
(CI and C2), which also showed MICs of 25 mg/mL and MBCs of 50 mg/mL for all
three organisms.

Table 3: MIC and MBC values of tested samples against selected bacteria species by agar-
diffusion method.

Soap Category Soap Organism MIC MBC
Sample (mg/mL) (mg/mL)
Most C1 Staphylococcus aureus 25 50
commercially Pseudomonas aeruginosa 25 50
available soap Klebsiella pneumoniae 25 50
C2 Staphylococcus aureus 25 50
Pseudomonas aeruginosa 25 50
Klebsiella pneumoniae 25 50
Doctor Prescribed D1 Staphylococcus aureus 12.5 25
soap Pseudomonas aeruginosa 100 200
Klebsiella pneumoniae 100 200
D2 Staphylococcus aureus 12.5 25
Pseudomonas aeruginosa 12.5 25
Klebsiella pneumoniae 25 50
Herbal Soap H1 Staphylococcus aureus 25 50
Pseudomonas aeruginosa 25 50
Klebsiella pneumoniae 25 50
H2 Staphylococcus aureus 25 50
Pseudomonas aeruginosa 50 100
Klebsiella pneumoniae 50 100
H3 Staphylococcus aureus 50 100
Pseudomonas aeruginosa 50 100
Klebsiella pneumoniae 50 100
H4 Staphylococcus aureus 50 100
Pseudomonas aeruginosa 50 100
Klebsiella pneumoniae 50 100
Ruhuna Journal of Science 47
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4. Discussion

Soaps are commonly used for hygienic purposes and serve as an important barrier to
infections by reducing the microbial burden on the skin (Burton ef a/. 2011). This study
evaluated the antibacterial efficacy of various antiseptic and herbal soaps available in
Sri Lanka against selected skin pathogens. The qualitative (agar well diffusion) and
quantitative (MIC and MBC) assays were utilized to assess their activity.

This study revealed that the antibacterial efficacy varied depending on the type of
soap and the bacterial strain tested. A clear concentration-dependent pattern was
observed in most tested samples, especially in the doctor-prescribed antiseptic soaps
(D1 and D2). As soap concentration increased from 50 mg/mL to 150 mg/mL, the zone
of inhibition (ZOI) generally increased, although this trend was especially evident in
doctor-prescribed antiseptic soaps (D1 and D2), while herbal soaps showed more
modest responses. Soap H1, however, demonstrated relatively strong antibacterial
activity among the herbal category.

The variability in ZOI results seen in the study may be attributed to the nature and
concentration of active ingredients, formulation type, or physical properties such as
viscosity and density in each soap. This study did not chemically quantify active
components. Therefore, such aspects are noted as possible contributing factors rather
than confirmed causes. According to the prior studies, the physical characteristics of
formulations can influence diffusion through solid media, affecting zone size and
antimicrobial interpretation (King et al. 2008).

The findings were not entirely consistent when comparing the outcomes of agar
diffusion tests and broth dilution assays. All of the tested samples showed strong
antibacterial activity against S. aureus in both techniques, but they performed
differently against P. aeruginosa and K. pneumoniae. Diffusion rates, interactions with
agar components, microbial growth conditions, and the potential evaporation or
degradation of active agents during the diffusion process are some of the variations
between the two methods that could account for these discrepancies. The antibacterial
compounds must diffuse through the agar in order to reach the target organisms in the
agar well diffusion assay; if they degrade or evaporate during this process, there may
be fewer or no inhibition zones (King et al. 2008). Furthermore, the higher
susceptibility of Gram-positive bacteria to the agents being tested may also be related
to the distinct inhibition zones observed exclusively for S. aureus. Additionally, the
outer membrane of Gram-negative bacteria may act as a barrier, further limiting the
penetration and functionality of antimicrobial compounds, potentially leading to the
loss of distinct inhibition zones. Stronger inhibition of S. aureus compared to Gram-
negative pathogens has also been reported in prior studies assessing the effectiveness
of soap (Chaudhari 2016).

Despite being classified as doctor-prescribed soaps, D1 and D2 demonstrated varying
levels of antibacterial activity based on MIC and MBC values, especially against
Gram-negative bacteria. Among all the soaps tested, D1 had the highest MIC (100
mg/mL) and MBC (200 mg/mL) values against P. aeruginosa and K. pneumoniae,
suggesting its comparatively less antibacterial activity than D2. Based on our
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observation, the high density and viscosity of D1 may have affected its ability to
disperse properly in the broth medium, which may have limited its diffusion and
availability to reach the target organisms. Whereas this could be a contributing factor,
formulation variability or the intrinsic nature of the active ingredient could also have
been responsible for its reduced activity against Gram-negative bacteria.

There are several imitations that should be acknowledged in this study. The bacterial
strains and soap samples used in the current study were limited in quantity to provide
methodological parity to facilitate sufficient replicates to guarantee the quality of
results under controlled conditions in the laboratory. While the sample size was
limited, care was taken when choosing the product types to cover a wide variety of
soap types commonly marketed to Sri Lankan consumers. Additionally, Streptococcus
pyvogenes, a clinically important Gram-positive bacterium and a common skin
pathogen was initially considered for the testing but had to be excluded from the
analysis. This decision was based on consistent observation obtained during
preliminary testing, where the interaction between soap samples and blood agar
resulted in clear ring-shaped zones similar to bacterial inhibition, but most likely due
to lysis of red blood cells rather than true antimicrobial activity. Therefore, due to the
interpretability issues resulting from the inability to differentiate between hemolysis
and actual inhibition, S. pyogenes was eliminated from the study in order to preserve
the validity of the findings.

Preliminary testing and prior research indicated that the concentrations used in this
study (50—150 mg/mL) were practical for accurate pipetting and effective for detecting
antibacterial action (Abbas et al. 2016). Since higher viscosity and density can impede
accurate pipetting and efficient sample distribution, potentially compromising the
accuracy of the experimental results, higher concentrations were avoided. (King et al.
2008).

The results of this study demonstrate that samples from both antiseptic and herbal
categories exhibit differing levels of antibacterial activity against the tested skin
pathogens, S. aureus, K. pneumoniae, and P. aeruginosa. Although this activity was
not uniformly effective against all tested bacterial strains, the samples all showed
susceptibility to S. aureus, suggesting that they might contribute to preventing
infections caused by this pathogen, including common skin conditions like cellulitis,
boils, and deep-seated abscesses (Ikegbunam et al. 2013, Larru and Gerber 2014,
Santos Junior et al. 2022). However, it is also important to consider the long-term
safety and effects of these antibacterial soaps on skin microbiota and their contribution
to the emergence of microbial resistance. It has been shown through previous studies
that uncontrolled or prolonged usage of triclosan or triclocarban products has been
linked to the development of resistance and alteration of the skin microbiota (White
and McDermott 2001, Mwambete and Lyombe, 2011). These challenges highlight the
need for evidence-based use of antimicrobial cleaning products, especially in non-
clinical, general settings. In this context, Soaps formulated from natural products can
offer safer options for long-term application if carefully examined. Nevertheless, more
studies are required to determine their long-term safety and effectiveness on a wider
range of microbes that are responsible for skin infections (Kumar et al. 2014, Teniola
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et al. 2019). Strong microbiological profiling and chemical description must be
incorporated throughout further studies to facilitate the development of efficient,
resistant-conscious hygiene solutions.

5. Conclusions

In the present study, both antiseptic and herbal soaps demonstrated antibacterial
activity against the tested skin pathogens, with the highest susceptibility observed in S.
aureus. The soaps exhibited both bacteriostatic and bactericidal effects, as evidenced
by the MIC and MBC results, indicating their potential for managing infections caused
by the tested organisms. Among the tested products, doctor-prescribed antiseptic soaps
showed the strongest antibacterial activity. Most commercially available antiseptic
soaps also demonstrated considerable effectiveness, though generally less than that of
the doctor-prescribed formulations. Herbal soaps, while exhibiting moderate activity,
still showed noteworthy inhibitory effects, particularly in selected samples, suggesting
their potential as milder alternatives for routine cleansing. However, as the long-term
effects of regular use were not evaluated in this study, further research is needed to
determine their safety and efficacy over a prolonged period.

Acknowledgements

The first author gratefully acknowledges KAATSU International University (KIU) for
providing partial financial support and institutional assistance to carry out this work. The
authors also acknowledge the supermarket managers for permitting data collection and the
anonymous reviewers for their constructive feedback, which helped improve this manuscript.

References

Abbas SZ, Hussain K, Hussain Z, Ali R, Abbas T. 2016. Anti-bacterial activity of different soaps available
in the local market of Rawalpindi (Pakistan) against daily encountered bacteria. Pharmaceutica
Analytica Acta 7(11): 522; DOI: 10.4172/2153-2435.1000522

Balouiri M, Sadiki M, Ibnsouda SK. 2016. Methods for in vitro evaluating antimicrobial activity: A
review. Journal of Pharmaceutical Analysis 6(2): 71-79; DOI: 10.1016/j.jpha.2015.11.005

Beumer RR, Kusumaningrum H. 2003. Kitchen hygiene in daily life. International Biodeterioration and
Biodegradation 51(4): 299-302; DOI: 10.1016/S0964-8305(03)00041-6

Burton M, Cobb E, Donachie P, Judah G, Curtis V, Schmidt WP. 2011. The effect of handwashing with
water or soap on bacterial contamination of hands. International Journal of Environmental Research
and Public Health 8(1): 97-104; DOI: 10.3390/ijerph8010097

Chaudhari VM. 2016. Studies on antimicrobial activity of antiseptic soaps and herbal soaps against
selected human pathogens. Journal of Scientific and Innovative Research 5(6): 201-204; DOI:
10.31254/JSIR.2016.5601

CLSI 2002. Performance standards for antimicrobial disk and dilution susceptibility tests for bacteria
isolated from animals, Clinical and Laboratory Standards Institute. Approved Standard M31-A2:1-80,
NCCLS, Wayne, PA

CLSI 2012. Performance Standards for Antimicrobial Disk Susceptibility Tests; Approved Standard,
Eleventh Edition. CLSI document M02-A11, Clinical and Laboratory Standards Institute.

Ruhuna Journal of Science 50
Vol 15 (1): 39-52 June 2024



P.P.G.N. Nisansala et al. Assessment of antiseptic and herbal soaps

CLSI 2024a. Clinical and Laboratory Standards Institute. Performance standards for antimicrobial disk
susceptibility tests (14th ed., CLSI standard M02). Clinical and Laboratory Standards Institute.

CLSI 2024b. Methods for dilution antimicrobial susceptibility tests for bacteria that grow aerobically
(12th ed., CLSI standard M07). Clinical and Laboratory Standards Institute.

Gunasekara TDCP, Fernando SSN, Kapilananda GMPD, Ranasinghe SN, Wijesooriya LI, Weerasekara
MM. 2021. Community carriage of methicillin-resistant Staphylococcus aureus and extended-
spectrum f-lactamase-producing Enterobacteriaceae among university students in Sri Lanka.
Canadian Journal of Infectious Diseases and Medical Microbiology 2021: Article ID 5596514;

DOI: 10.1155/2021/5596514

Jones RN, Nilius AM, Akinlade BK, Deshpande LM, Notario GF. 2007. Molecular characterization of
Staphylococcus aureus isolates from a 2005 clinical trial of uncomplicated skin and skin structure
infections. Antimicrobial Agents and Chemotherapy 51(9): 3381-3384; DOI: 10.1128/AAC.01588-
06

Khosrowpour Z, Ahmad Nasrollahi S, Ayatollahi A, Samadi A, Firooz A. 2019. Effects of four soaps on
skin trans-epidermal water loss and erythema index. Journal of Cosmetic Dermatology 18(3): 857—
861; DOI: 10.1111/JOCD.12758

King T, Dykes G, Kristianti R. 2008. Comparative evaluation of methods commonly used to determine
antimicrobial susceptibility to plant extracts and phenolic compounds. Journal of AOAC International
91(6): 1423-1429; DOI: 10.1093/jaocac/91.6.1423

Kumar A, Dureja H, Madan A. 2014. Recent developments in antibacterial herbal medicine: A review.
International Journal of Drug Research and Technology 4(3): 84-94

Larru B, Gerber JS. 2014. Cutaneous bacterial infections caused by Staphylococcus aureus and
Streptococcus pyogenes in infants and children. Pediatric Clinics of North America 61(2): 457-478;
DOI: 10.1016/j.pcl.2013.12.004

Mwambete KD, Lyombe F. 2011. Antimicrobial activity of medicated soaps commonly used by Dar es
Salaam residents in Tanzania. Indian Journal of Pharmaceutical Sciences 73(1): 92-98; DOI:
10.4103/0250-474X.89765.

Obi CN. 2014. Antibacterial activities of some medicated soaps on selected human pathogens. American
Journal of Microbiological Research 2(6): 178-181; DOI: 10.12691/AJMR-2-6-3.

Ogunnowo AA, Ezekiel CN, Anokwuru CP, Ogunshola YA, Kuloyo OO. 2010. Anticandidal and
antistaphylococcal activity of soap fortified with Ocimum gratissimum extract. Journal of Applied
Sciences 10(18): 2121-2126; DOI: 10.3923/jas.2010.2121.2126.

Olajuyigbe OO, Adeoye-Isijola MO, Adedayo O. 2017. A comparison of the antibacterial activity of some
African black soaps and medicated soaps commonly used for the treatment of bacteria-infected
wounds. Journal of Medicinal Plants for Economic Development 1(1); DOI: 10.4102/jomped.v1i1.20.

Park HS, Lee UH, Choi JC, Chun DK. 2004. Klebsiella pneumoniae cellulitis in an immunocompetent
man. Journal of the American Academy of Dermatology 51(5): 836; DOI: 10.1016/j.jaad.2004.06.008.

Perera A, Atukorale DN, Sivayogan S, Ariyaratne VS, Karunaratne LA. 2000. Prevalence of skin diseases
in suburban Sri Lanka. The Ceylon Medical Journal 45(3): 123—128; DOI: 10.4038/cmj.v45i3.8112.

Riaz S, Ahmad A, Hasnain S. 2009. Antibacterial activity of soaps against daily encountered bacteria.
Afirican Journal of Biotechnology 8(8): 1431-1436; DOI: 10.5897/AJB2009.000-9222.

Ribeiro AS, Estanqueiro M, Oliveira MB, Lobo JM. 2015. Main benefits and applicability of plant extracts
in skin care products. Cosmetics 2(2): 48—65; DOI: 10.3390/cosmetics2020048.

Samaraweera GA, Perera MTSM, Opanayake PM, Wageesha NDA, De Silva N, Perera PDVM. 2023. A
preliminary study on antibacterial activity of common antiseptics and herbal soaps in Sri Lanka against
Staphylococcus aureus. Sri Lankan Journal of Infectious Diseases 13(Suppl.): S5; DOI:
10.4038/sljid.v13i5.8652.

Santos Junior CJ, Lins FCCO, Santos PO, Silva VB, Barros YVR, Araujo MAS, Rocha TJM, Souza AKP.
2022. Evaluation of antibacterial and antifungal activity of antimicrobial soaps. Brazilian Journal of
Biology 82: €263364; DOI: 10.1590/1519-6984.263364.

Senanayake N, Sathsarani G, Assella P, Abeygoonawardena H, de Silva N. 2024. Antimicrobial resistance
in Staphylococcus aureus, Enterobacterales, and Pseudomonas spp. clinical isolates at a teaching
hospital in Sri Lanka. Ceylon Medical Journal 69(S13): 37-46; DOI: 10.4038/cmj.v69iS13.9963.

Ruhuna Journal of Science 51
Vol 15 (1): 39-52 June 2024


https://doi.org/10.4103/0250-474X.89765
https://doi.org/10.12691/AJMR-2-6-3
https://doi.org/10.3923/jas.2010.2121.2126
https://doi.org/10.4102/jomped.v1i1.20
https://doi.org/10.1016/j.jaad.2004.06.008
https://doi.org/10.4038/cmj.v45i3.8112
https://doi.org/10.5897/AJB2009.000-9222
https://doi.org/10.3390/cosmetics2020048
https://doi.org/10.4038/sljid.v13i5.8652
https://doi.org/10.1590/1519-6984.263364
https://doi.org/10.4038/cmj.v69iSI3.9963

P.P.G.N. Nisansala et al. Assessment of antiseptic and herbal soaps

Strateva T, Yordanov D. 2009. Pseudomonas aeruginosa — A phenomenon of bacterial resistance. Journal
of Medical Microbiology 58(9): 1133-1148; DOI: 10.1099/jmm.0.009142-0.

Teniola OD, Folounsho VT, Ogunlusi PS, Aderounmu AE, Omemu AM. 2019. Antimicrobial activities
of different soaps on selected human skin pathogens. Journal of Advances in Microbiology 17: 1-10;
DOI: 10.9734/jamb/2019/v17i230141.

White DG, McDermott PF. 2001. Biocides, drug resistance, and microbial evolution. Current Opinion in
Microbiology 4(3): 313-317; DOI: 10.1016/S1369-5274(00)00205-0.

Wu DC, Chan WW, Metelitsa A, Fiorillo L, Lin AN. 2011. Pseudomonas skin infection: Clinical features,
epidemiology, and management. American Journal of Clinical Dermatology 12(3): 157-169. DOI:
10.2165/11539770-000000000-00000.

Yazdankhah SP, Scheie AA, Hoiby EA, Lunestad BT, Heir E, Fotland TO, Naterstad K, Kruse H. 2006.
Triclosan and antimicrobial resistance in bacteria: An overview. Microbial Drug Resistance 12(2):

83-90; DOI: 10.1089/mdr.2006.12.83

Ruhuna Journal of Science 52
Vol 15 (1): 39-52 June 2024


https://doi.org/10.1099/jmm.0.009142-0
https://doi.org/10.9734/jamb/2019/v17i230141
https://doi.org/10.1016/S1369-5274(00)00205-0
https://doi.org/10.2165/11539770-000000000-00000
https://doi.org/10.1089/mdr.2006.12.83

