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Abstract

Introduction: Hands play an important role in the transmission of infection, so it is very important to maintain hand hygiene.
One of the best ways to do this is by washing hands with soap regularly. With so many types of soap available in the market,
consumers need to be careful in choosing the right type of soap according to their needs. Objective: This research was
conducted to test and compare the antibacterial activity of antibacterial liquid soap and moisturizing liquid soap against
Escherichia coli bacteria. Methods: This study is a laboratory experimental study using the agar well diffusion method to
determine the diameter of the inhibition zone formed. This study tested eight soap samples, namely four brands of
antibacterial liquid soap and four brands of moisturizing liquid soap from various brands, with a positive control using
trimethoprim-sulfamethoxazole and a negative control using distilled water. Results: The formation of inhibition zones on
all soap samples, both antibacterial and moisturizing, indicated the presence of antibacterial activity on the growth of E. coli
bacteria. The average diameter of the inhibition zones for antibacterial soap and moisturizer against E. coli were 20.03 mm
and 18.81 mm, respectively. The p value obtained was p < 0.001, which means that each treatment had a significant
difference in the diameter of the inhibition zone. Conclusion: This leads to the conclusion that Hi is accepted, which
indicates a significant difference in antibacterial activity between antibacterial soap and moisturizing soap against E. coli
bacteria with the greatest antibacterial activity found in sample AB4 (24.52 mm).

Keywords: liquid soap; antibacterial; moisturizing; hand hygiene

1. Introduction

Hands are organs that interact the most with the outside world, so they have an important role in
transmitting infections. The importance of hand hygiene in infection control cannot be denied. Therefore, hand
hygiene is one of the global efforts to reduce infections [1].

Washing hands with soap regularly is one of the best ways to get rid of germs, avoid getting sick, and
prevent spreading germs to other people [2]. The CDC recommends five steps to take when washing hands. The
five steps are wet, lather, rub, rinse, and dry. In addition to the following five steps, the CDC also recommends
allocating 20 seconds to wash hands to be successful in eliminating germs [3].

One important factor in washing hands is the choice of soap used. Every consumer has a preference in
choosing the type of soap to use according to the needs and goals of each individual. Most individuals use soap
as a medium to kill germs, the soap products they are looking for tend to have antibacterial effects which are
useful for inhibiting or killing germs. One option often sought is antibacterial soap.

However, excessive use of antibacterial soap can cause the death of normal flora that protects the skin.
This causes the arrival of opportunistic organisms that will cause irritation [4]. Irritation associated with
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antimicrobial soap may be caused by the antimicrobial active ingredient. Health care workers often complain
of dry or burning feelings, rough skin, and erythema, scaly or cracked [5]. Therefore, there is a need for an
alternative soap that not only works well in killing germs but also is moisturizing and not abrasive.

Seeing the problems above, this research compares the effectiveness of antibacterial liquid soap with
moisturizing liquid soap with the research object being Escherichia coli (E. coli). Human or animal waste is an
important source of germs such as E. coli which can cause diarrhea and respiratory infections. This is because
E. coli naturally resides in the intestines of humans and animals [6]. It is responsible for the deaths of around
900,000 children per year worldwide, with most deaths occurring in developing countries. Enteropathogenic E.
coli (EPEC) is responsible for more than 81 million cases of diarrhea per year, of which 17 million occur in
children [7]. E. coli is also an indicator of cleanliness and sanitation because the presence of E. coli indicates
contact with feces [6].

2. Materials and Methods

This research is a laboratory experimental study, namely carrying out antibacterial tests to compare the
effectiveness of commercial antibacterial liquid soap with commercial moisturizing liquid soap against E. coli
bacteria in vitro using the agar well diffusion method to determine the diameter of the inhibition zone. The E.
coli used in this experiment was a stock culture in the Microbiology Laboratory, Faculty of Medicine,
Universitas Airlangga with the inclusion criteria being the sample was a homogenous colony of E. coli whose
species has been identified and selected using simple random sampling.

The independent variable is antibacterial liquid soap and moisturizing liquid soap, while the dependent
variable is E. coli bacteria. The materials used are antibacterial liquid soap and moisturizing liquid soap. The
tools used in this research are petri dish, incubator, tube, sterile cork borer, spirit heater, MacFarland universal
indicator, analytical balance, 1 ml micropipette, and lid.

The diffusion method uses eight samples, with four antibacterial liquid soap samples and four
moisturizing liquid soap samples. Based on Arifin et al.'s formula, the experiment was replicated 4 times for 8
types of treatments, so the total sample is 32 samples [8]. This research was conducted at the Microbiology
Laboratory, Faculty of Medicine, Universitas Airlangga from August 2022 to October 2023. The research
procedure consisted of sterilizing the equipment, making Mueller Hinton Agar medium, preparing E. coli
isolates, preparing the liquid soap to be used, diffusion method, and inhibition zone diameter measurement. The
diffusion method uses the agar well diffusion method by dripping 1 mL of four samples of antibacterial liquid
soap (AB1, AB2, AB3, AB4) and four samples of moisturizing soap (M1, M2, M3, M4) into the well, then
observing the diameter of the inhibition zone. All data from observations of the diffusion method were analyzed
descriptively.
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3. Results
3.1. Inhibition Zone Diameter

In the diffusion method, the following observation results were obtained:

Table 1. Soap and control inhibition zone diameter of E. coli bacteria

Sample 1% Repetition (mm) 2" Repetition (mm) 3™ Repetition (mm) 4™ Repetition (mm) Mean + SD (mm)
Positive Control 32.48 32.18 31.74 32.56 32.24+0.37
Negative Control 0.00 0.00 0.00 0.00 0.00 £ 0.00
ABI 19.36 19.45 19.39 18.97 19.29 £0.22
AB2 15.22 18.55 17.44 18.07 17.32+1.47
AB3 19.20 18.85 19.48 18.48 19.00 + 0.43
AB4 2427 25.67 24.55 23.57 24.52 +0.87
Ml 16.47 16.39 16.89 16.50 16.56 £0.22
M2 23.86 23.22 24.20 24.11 23.85+0.44
M3 15.50 16.03 15.35 17.47 16.09 +£0.97
M4 18.92 18.42 18.98 18.75 18.77+£0.25

Fig. 1. Observation results of antibacterial soap antibacterial tests against E. coli bacteria
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Fig. 2. Observation results of antibacterial tests of moisturizing soap against E. coli bacteria

Fig. 3. Observation results of positive and negative control antibacterial tests against E. coli bacteria

Notes: AB = antibacterial, M = moisturizing, K (+) = trimethoprim-sulfamethoxazole, K (-) = sterile distilled water
3.2. Normality and Homogeneity Test

Normality and homogeneity tests are carried out to determine whether the data obtained may be subjected
to parametric or non-parametric statistical tests [9]. Because less than 50 data were collected, the Shapiro-Wilk
test was performed to determine normality [10]. Based on the results of the normality test for all variables, p
value > 0.05, which indicates that all the data collected is normally distributed [11]. The next test carried out
was a homogeneity test which was carried out to find out whether each treatment group had homogeneous data
or not. Homogeneity was assessed using Levene's test. By comparing the data of the control group and the
treatment group, the obtained p value was 0.020 (< 0.05) which means there is a difference in variance between
groups of data being compared so it can be concluded that the data is taken from a heterogeneous population
[12].
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3.3. Comparison Test and Post Hoc Test

Based on the statistical results that have been carried out, it is found that the research data is normal but
not homogenous which means that it does not meet the criteria for parametric statistical test. Because the data
results did not meet the assumption of normality, the Kruskal-Wallis test and Post Hoc Games-Howell test were
carried out to determine whether there were significant differences between groups of variables and to find out
which groups had significant differences. The results of the Kruskal-Wallis test shows that the p value <0.001,
which means that each treatment had a significant difference in antibacterial activity on the diameter of the
inhibition zone produced. This gives the conclusion that there is a difference in antibacterial activity between
antibacterial soap and moisturizing soap against E. coli bacteria [13].

Table 2. Games-Howell Post Hoc analysis test

AB1 AB2 AB3 AB4 M1 M2 M3 M4 K(®) K ()
AB1 0.425 0.941 0.007*  <0.001*  <0.001*  0.045* 0214  <0.001*  <0.001*
AB2 0.425 0.565 0.006* 0.968 0.016* 0.887 0.669 0.001*  0.001*
AB3 0.941 0.565 0.002%  0.004*  <0.001*  0.047* 0985  <0.001*  <0.001*
AB4 0.007%  0.006*  0.002* 0.002* 0.895  <0.001*  0.004*  <0.001*  <0.001*
M1 <0.001*  0.968 0.004*  0.002* <0.001* 0978  <0.001*  <0.001*  <0.001*
M2 <0.001*  0.016%  <0.001*  0.895  <0.001* 0.001*  <0.001*  <0.001*  <0.001*
M3 0.045% 0.887 0.047%  <0.001* 0978 0.001* 0074  <0.001*  <0.001*
M4 0214 0.669 0.985 0.004%*  <0.001*  <0.001*  0.074 <0.001*  <0.001*
K@#)  <0.001*  0.001*  <0.001* <0.001*  <0.001* <0.001*  <0.001*  <0.001* <0.001*

K() <0.001* 0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

Notes: *: states there is a significant difference (p < 0.05)

Different from previous research, in this research, apart from the Kruskal-Wallis test, another comparison
test was also carried out, namely the Post-Hoc test in the form of the Games-Howell test [14]. The Games-
Howell test showed that the diameter of the inhibition zone for E. coli bacteria for sample AB1 did not have a
significant difference with samples AB2, AB3, and M4, but there was a significant difference for samples AB4,
M1, M2, M3, positive control, and negative control. For sample AB2 there is no significant difference with
samples AB1, AB3, M1, M3, and M4, but there is a significant difference in samples AB4, M2, positive control,
and negative control. Sample AB3 did not have significant differences with samples AB1, AB2, and M4, but
there were significant differences in samples AB4, M1, M2, M3, positive control, and negative control. Sample
AB4 did not have significant differences with sample M2, but there were significant differences in samples
ABI1, AB2, AB3, M1, M3, M4, positive control and negative control. Sample M1 did not have significant
differences with samples AB2 and M3, but there were significant differences in samples AB1, AB3, AB4, M2,
M4, positive control and negative control. Sample M2 did not have significant differences with sample AB4,
but there were significant differences in samples AB1, AB2, AB3, M1, M3, M4, positive control and negative
control. Sample M3 did not have significant differences with samples AB2, M1, and M4, but there were
significant differences in samples AB1, AB3, AB4, M2, positive control, and negative control. Sample M4 did
not have significant differences with samples AB1, AB2, AB3, and M3, but there were significant differences
in samples AB4, M1, M2, positive control, and negative control. Meanwhile, the positive control and negative
control were significantly different from all samples, both samples AB1, AB2, AB3, AB4, M1, M2, M3, M4,
and all controls.

4. Discussion

The aim of this research is to determine the antibacterial activity of antibacterial liquid soap and
moisturizing liquid soap against E. coli bacteria. The research was carried out in vitro using the agar well
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diffusion method. The experimental results showed that all samples had an inhibitory zone diameter for both
antibacterial and moisturizing liquid soap and positive controls except for the negative control. The largest
inhibition zone diameter (mm) was found in the positive control trimethoprim-sulfamethoxazole (32.24 mm),
followed by sample AB4 (24.52 mm), sample M2 (23.85 mm), sample AB1 (19.29 mm), sample AB3 (19.00
mm), sample M4 (18.77 mm), sample AB2 (17.32 mm), sample M1 (16.56 mm), sample M3 (16.09 mm), and
negative control sterile distilled water (0.00 mm) which has the lowest diameter.

The average diameter of the inhibition zone for antibacterial soap and moisturizing soap against E. coli
bacteria was found to be 20.03 mm and 18.81 mm respectively. Previous research showed that the diameter of
the inhibition zone for liquid hand washing soap using the disc diffusion method against Staphylococcus aureus
and E. coli bacteria was found to be an average of 27.7 mm and 29.3 mm [15]. Meanwhile, other research shows
that the diameter of the inhibition zone of antiseptic solid soap using the disc diffusion method against E. coli
bacteria resulted in an average of 21.9 mm for A3 (brand D), A1 soap (brand S) with an average of 21.6 mm,
whereas A2 soap (brand N) with an average of 13.8 mm [16]. The differences in results obtained can be caused
by differences in the diffusion methods used, differences in the type of soap preparation used, and differences
in experimental conditions.

The results of the Shapiro-Wilk normality test and Levene homogeneity test show that all data is normally
distributed but not homogeneous. Judging from the results of the Kruskal-Wallis test, it shows that the
significance results obtained were < 0.001, which means that each treatment had a significant difference in
antibacterial activity on the diameter of the inhibition zone produced. This leads to the conclusion that there is
a difference in antibacterial activity between antibacterial soap and moisturizing soap against E. coli bacteria.

According to Morales et al. [17], the diameter of the inhibition zone can be categorized into four groups,
namely very strong with an inhibition zone of 21-30 mm, strong with an inhibition zone of 11-20 mm, moderate
with an inhibition zone of 6-11 mm, and weak with an inhibition zone of <5 mm. Therefore, samples AB4 and
M2 are considered to have very effective activity in inhibiting the growth of E. coli bacteria, which is in the
very strong category. Samples AB1, AB2, AB3, M1, M3, and M4 are considered to have effective activity in
inhibiting the growth of E. coli bacteria, which is considered strong. All soap samples can be said to be effective
in inhibiting the growth of E. coli.

The formation of an inhibition zone in all liquid soap samples, both antibacterial and moisturizing,
indicates antibacterial activity against the growth of E. coli bacteria. This is because soap works as a surfactant.
Soap is a fatty acid salt produced from the saponification process. Soap consists of two parts, namely the
hydrophilic and hydrophobic parts. When soap comes into contact with water and oil, the molecules rearrange
themselves into spherical structures called micelles. The polar tail ends are outside in contact with the water
and the non-polar tails are protected inside. The inner tail dissolves into the oil, and the entire oil droplet is
protected from water [18]. This is important because all cells are surrounded by fat, where other molecules such
as proteins are embedded. Surfactants used in cleaning can kill bacteria by disrupting and breaking down cell
membrane components such as lipids and proteins. The hydrophobic tail of surfactants attaches to the lipid layer
surrounding cells, causing it to rupture, and can be easily washed away by water [19].

Soap on the market has different levels of effectiveness in inhibiting the growth of E. coli bacteria. The
sensitivity of E. coli to soap shows that the compounds in it can inhibit bacterial growth. The composition of
each product varies greatly, with active ingredients such as thymol, triclocarban, farnesol, chloroxylenol, and
other active ingredients.

In addition, soap products are often combined with active ingredients made from natural ingredients. For
example, sample AB4, which contains lemongrass (Cymbopogon schoenanthus) extract, which has a very
strong inhibitory effect on E. coli bacteria. Lemongrass extract has the main component in the form of citral
[20]. The mechanism underlying the antimicrobial effects of terpenes such as citral is interaction with the
cytoplasmic membrane resulting in loss of membrane integrity [21]. Not only citral, citronellal, geraniol and
citronellol contained in lemongrass (Cymbopogon schoenanthus) extract can also inhibit bacterial activity [22].
Another active compound found in the AB4 sample was IPMP (or by another name thymol). The main
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mechanism of thymol as an antibacterial agent is disruption of membrane integrity which results in leakage of
intracellular materials necessary for normal metabolism and survival [23].

Another liquid soap that has a very strong inhibition zone is M2 moisturizing liquid soap. Sample M2
has a compound composition in the form of water as a solvent, lauric acid which has antibacterial and anti-
inflammatory properties [24], cocamidopropyl betaine and sodium laureth sulfate as a foaming thickener,
potassium hydroxide as a pH regulator, glycerin to moisturize the skin, sodium chloride as a viscosity regulator,
sodium lactate as a humectant and pH regulator, glycol distearate as an opacity agent and pearling agent,
acrylates copolymer as a film-forming and thickening agent, tetrasodium EDTA which helps the product stay
good and stable for a longer time, hydroxypropyl methylcellulose as a stabilizer emulsion and thickener, argania
spinosa (argan oil) as an emollient, pentaerythrityl tetra-di-t-butyl hydroxyhydrocinnamate as an antioxidant
and preservative, hexamidine diisethionate as an emollient and preservative, disodium distyrylbiphenyl
disulfonate as a surfactant and thickener, and CI 45100 as a colorant.

Sample AB1 liquid soap has active ingredients in the form of triclocarban and farnesol. Triclocarban is
thought to work by absorbing and destroying the semipermeability of the cytoplasmic membrane, which causes
cell death [25]. Coupled with farnesol which also has an antibacterial effect which works by damaging bacterial
cell membranes [26]. Therefore, AB1 antibacterial liquid soap has been proven to inhibit the growth of E. coli
and is categorized as having a strong inhibition zone.

AB3 antibacterial liquid soap product has been proven to have antibacterial properties in inhibiting the
growth of strong E. coli bacteria. This sample has active ingredients in the form of thymol and silver oxide.
Thymol has potent activity inhibition capabilities of Gram positive and Gram negative bacteria. The main
mechanism of action of thymol is membrane dysfunction. The hydroxyl groups present in thymol are highly
reactive and form hydrogen bonds with the active sites of target enzymes, inactivating them causing dysfunction
or rupture of cell membranes [27]. Previous research proved the strong antibacterial action of silver oxide on
Gram-positive or Gram-negative bacteria by observing silver oxide against E. coli and revealing that there is
the formation of “holes” in the bacterial cell wall and the accumulation of silver oxide in the cell membrane
causes an increase in cell wall permeability and ultimately cell death [28].

Liquid soap which also has a strong inhibition zone is M4 moisturizing liquid soap. Sample M4 has a
compound composition in the form of water as a solvent, lauric acid which has antibacterial and anti-
inflammatory properties [24], potassium hydroxide as a pH regulator, myristic acid as a cleaning agent, lauryl
hydroxysultaine as a surfactant and thickening agent, glycol distearate as a opacity and pearling agent,
fragrance, palmitic acid as an emollient, laureth-4 as an emulsifier, carboxylic acid as an antioxidant, sodium
laureth sulfate as a foaming thickener, hydroxyethylcellulose as a thickener, and etidronic acid which helps the
product stay good and stable for a longer time.

Sample AB2 liquid soap has an active ingredient in the form of chloroxylenol. Chloroxylenol is an active
ingredient in antiseptic soap which activates bacterial enzymes and breaks down bacterial cells, reducing Gram-
negative and Gram-positive bacteria [29]. Chloroxylenol acts on the bacterial cytoplasmic membrane, causing
protein denaturation. When the concentration of chloroxylenol increases, functional proteins and nucleic acids
in cells clump together and stop working, ultimately leading to rapid cell death [27]. Therefore, AB2
antibacterial liquid soap can inhibit the growth of E. coli bacteria well and is categorized as having a strong
inhibition zone.

Liquid soap which also has a strong inhibition zone is M1 moisturizing liquid soap. Sample M1 has a
compound composition in the form of water as a solvent, lauric acid which has antibacterial and anti-
inflammatory properties [30], potassium hydroxide, as a pH regulator, myristic acid as a cleaning agent, lauryl
hydroxysultaine as a surfactant and thickening agent, glycol distearate as an opacity agent and pearling agent,
fragrance, cedyl glucosside as a gentle surfactant for sensitive skin, palmitic acid as an emollient, laureth-6
carboxylic acid as a surfactant, sodium laureth sulfate as a foaming thickener, hydrocyethylcellulose as a
thickener, etidronic acid which helps the product stay put. good and stable for a longer time, BHT as an
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antioxidant and preservative, algin as a thickener, sodium PCA as a moisturizer, butylene glycol as a solvent
and humectant, and yogurt filtrate.

Liquid soap which also has a strong inhibition zone is M3 moisturizing liquid soap. Sample M3 has a
compound composition in the form of water, myristic acid, lauric acid, potassium hydroxide, potassium
chloride, sodium laureth sulfate, palmitic acid, glycol distearate, fragrance, cocamidopropyl betaine,
phenoxyethanol as a preservative, hydroxypropyl methylcellulose as an emulsion stabilizer and thickener,
sodium chloride, tetrasodium EDTA, glycerin, BHT, etidronic acid, piroctone olamine, propylene glycol, stearic
acid, citric acid, sodium benzoate, sericin, jasminum officinale flower extract, rosa gallica flower extract, PEG-
40 hydrogenated castor oil, nelumbium speciosum flower oil, Prunus amygdalus dulcis oil, potassium sorbate,
mentha arvensis leaf oil, cymbopogon martini oil, sodium sulfate, CI 14700, and CI 17200.

Upula et al. [4] investigated the impact of antiseptic soap on the normal bacterial flora of human skin.
The antibacterial formulation significantly reduces the number of bacteria, thus demonstrating its effectiveness.
The results showed 120 bacterial colonies, with more isolates in men. This study highlights the role of normal
flora in inhibiting undesirable organisms. Although antiseptic soaps reduce Gram-positive flora, they do not
cause overgrowth of Gram-negative species. Caution is advised regarding the side effects of triclosan. In
conclusion, this study recommends minimizing the use of non-medical antiseptic soaps to avoid microflora
disturbance and comply with regulatory limits for triclosan concentrations in cosmetics.

5. Conclusions

Based on this research, it can be concluded that there is a formation of an inhibition zone in all soap
samples, both antibacterial and moisturizing, which indicates antibacterial activity against the growth of E. coli
bacteria. The average diameter of the inhibition zone of antibacterial and moisturizing soap against . coli was
20.03 mm and 18.81 mm, respectively. The p value obtained was p < 0.001, which means that each treatment
had a significant difference in the diameter of the inhibition zone. This leads to the conclusion that Hi is
accepted, which indicates a significant difference in antibacterial activity between antibacterial soap and
moisturizing soap against E. coli bacteria with the greatest antibacterial activity found in sample AB4 (24.52
mm).

Acknowledgements

The author would like to thank Dr. Marijam Purwanta, Dra., M.Sc., Apt. (marijjam@fk.unair.ac.id) as the first
supervisor, Pirlina Umiastuti, dr., Dip. in Pop., M.Kes. (pirlina-u@fk.unair.ac.id) as the second supervisor, and
Dr. Eko Budi Koendhori, dr., M.Kes., Sp.MK(K) (dr_ecko@fk.unair.ac.id) as the examiner lecturer for lending
their time, energy, and thoughts to guide author in carrying out this research.

References

[1] Jumaa, P.A., 2005, ‘Hand hygiene: simple and complex’, International Journal of Infectious Diseases, 9(1), pp.3-14.

[2] CDC, 2022a, Show Me the Science - Why Wash Your Hands?, Retrieved: May 26, 2022, from
https://www.cdc.gov/handwashing/why-handwashing. html#eight

[3] CDC, 2022b, When and How to Wash Your Hands, Retrieved: June 16, 2022, from https://www.cdc.gov/handwashing/when-how-
handwashing.html

[4] Upula, S.A., Bassey, E.E. & Ije, U.E., 2021, ‘Antiseptic soaps and body cleansing agents and its effects on the normal flora of the
human skin’, World Journal of Pharmaceutical and Medical Research, 7(4), pp.28-34.

[5] Kilpatrick, C., Allegranzi, B. and Pittet, D., 2011, WHO First Global Patient Safety Challenge: Clean Care is Safer Care,
Contributing to the training of health-care workers around the globe, International Journal of Infection Control, 7(2).

[6] Hadaway, A., 2020, ‘Handwashing: clean hands save lives’, Journal of Consumer Health on the Internet, 24(1), pp.43-49.

[7] Watson, V.E., Jacob, M.E., Flowers, J.R., Strong, S.J., DebRoy, C. & Gookin, J.L., 2017, ‘Association of atypical enteropathogenic
Escherichia coli with diarrhea and related mortality in kittens’, Journal of clinical microbiology, 55(9), pp.2719-2735.

WWw.ijrp.org



(8]

]
[10]

[11]
[12]

[13]
[14]

[15]
[16]
[17]
(18]
[19]

[20]

[21]

[22]
[23]

[24]

[25]
[26]

[27]

[28]

[29]

[30]

Najma Fauziah / International Journal of Research Publications (1JRP.ORG) @ JJ RP'ORG

ISSN: 2708-3578 (Online)

228

Arifin, W.N. & Zahiruddin, W.M., 2017, ‘Sample size calculation in animal studies using resource equation approach’, The
Malaysian journal of medical sciences: MIMS, 24(5), p.101.

Nuryadi, N., Astuti, T.D., Sri Utami, E. & Budiantara, M., 2017, Dasar-Dasar Statistik Penelitan, 1% ed, Yogyakarta: Sibuku Media.
Oktaviani, M.A. & Notobroto, H.B., 2014, ‘Perbandingan tingkat konsistensi normalitas distribusi metode kolmogorov-smirnov,
lilliefors, shapiro-wilk, dan skewness-kurtosis’, Jurnal Biometrika dan Kependudukan, 3(2), pp.127-135.

Payadnya, I.P.A.A. & Jayantika, . G.A.N.T., 2018, Panduan penelitian eksperimen beserta analisis statistik dengan spss,
Yogyakarta, Deepublish.

Priyatno, D., 2008, Mandiri belajar SPSS: untuk analisis data dan uji statistik, Yogyakarta: Mediakom.

Rosalinda, L., Oktarina, R., Rahmiati, R. & Saputra, 1., 2023, Buku Ajar Statistika, Padang: CV. MUHARIKA RUMAH ILMIAH.
Bukar, S., Ibrahim, U.IL., Dikko, H.G., Tasiu, M.I. & Damisa, A.S., 2021, ‘COMPARISON AND EVALUATION OF DIFFERENT
POST-HOC TEST STATISTIC IN ENGINEERING AND EDUCATION USING RANDOMIZED COMPLETE BLOCK DESIGN
UNDER ASSUMPTION OF EQUAL VARIANCE’, In Royal Statistical Society Nigeria Local Group Annual Conference
Proceedings, pp. 146-157.

Purbosari, 1., 2021, “Uji Efektifitas Daya Hambat Sabun Cair Cuci Tangan di Kota Surabaya Terhadap Pertumbuhan Bakteri
Staphylococcus aureus dan Escherichia Coli secara in Vitro’, J. Islamic Pharm, 6(1), 35-39.

Fariani, A., & Advinda, L., 2022, ‘Effects of Various Concentrations of Antiseptic Solid Soaps On Escherichia coli Pengaruh
Berbagai Konsentrasi Sabun Padat Antiseptik Terhadap Escherichia coli’, SERAMBI BIOLOGI, 7(3), 229-234.

Morales, G., Sierra, P., Mancilla, A., PAREDES, A., LOYOLA, L.A., GALLARDO, O. & BORQUEZ, J., 2003, ‘Secondary
metabolites from four medicinal plants from northern Chile: antimicrobial activity and biotoxicity against Artemia salina’, Journal
of the Chilean Chemical Society, 48(2), pp.13-18.

Brown, W.H. & Thomas, P., 2014, Introduction to organic chemistry, 7" ed, Hoboken, NJ: John Wiley & Sons.

Falk, N.A., 2019, ‘Surfactants as Antimicrobials: A Brief Overview of Microbial Interfacial Chemistry and Surfactant
Antimicrobial Activity’, Journal of Surfactants and Detergents, 22(5):1119-1127.

Schweitzer, B., Balazs, V.L., Molnar, S., Szogi-Tatar, B., Boszorményi, A., Palkovics, T., Horvath, G. & Schneider, G., 2022,
‘Antibacterial effect of lemongrass (Cymbopogon citratus) against the aetiological agents of pitted keratolyis’, Molecules, 27(4),
p.1423.

Mokarizadeh, M., Kafil, H.S., Ghanbarzadeh, S., Alizadeh, A. & Hamishehkar, H., 2017, ‘Improvement of citral antimicrobial
activity by incorporation into nanostructured lipid carriers: a potential application in food stuffs as a natural preservative’, Research
in pharmaceutical sciences, 12(5), p.409.

Bota, W., Martosupono, M. & Rondonuwu, F.S., 2015, ‘Potensi senyawa minyak sereh wangi (Citronella oil) dari tumbuhan
Cymbopogon nardus L. sebagai agen antibakteri’, Prosiding Semnastek.

Chauhan, A K. & Kang, S.C., 2014, “Thymol disrupts the membrane integrity of Salmonella ser. typhimurium in vitro and recovers
infected macrophages from oxidative stress in an ex vivo model’, Research in microbiology, 165(7), pp.559-565.

Huang, W.C., Tsai, T.H., Chuang, L.T., Li, Y.Y., Zouboulis, C.C. & Tsai, P.J., 2014, ‘Anti-bacterial and anti-inflammatory
properties of capric acid against Propionibacterium acnes: a comparative study with lauric acid’, Journal of dermatological science,
73(3), pp-232-240.

McDonnell, G. & Russell, A.D., 1999, ‘Antiseptics and disinfectants: activity, action, and resistance’, Clinical microbiology
reviews, 12(1), pp.147-179.

Kaneko, M., Togashi, N., Hamashima, H., Hirohara, M. & Inoue, Y., 2011, ‘Effect of farnesol on mevalonate pathway of
Staphylococcus aureus’, The Journal of Antibiotics, 64(8), pp.547-549.

Albureikan, MOI & Alotaibi, LMA, 2023, ‘Antibacterial activity of chloroxylenol and thymol against pathogenic bacteria isolated
from under long nails’, Eur Rev Med Pharmacol Sci, May;27(9):3922-3930. doi: 10.26355/eurrev_202305_32298. PMID:
37203816.

Liao, S., Zhang, Y., Pan, X., Zhu, F., Jiang, C., Liu, Q., Cheng, Z., Dai, G., Wu, G., Wang, L. & Chen, L., 2019, ’ Antibacterial
activity and mechanism of silver nanoparticles against multidrug-resistant Pseudomonas aeruginosa’, International journal of
nanomedicine, pp.1469-1487.

Wati, H.A., 2015, ‘Pengaruh berbagai larutan antiseptik dalam menghambat pertumbuhan bakteri dari swab telapak

tangan’, Jakarta: Karya Tulis Ilmiah Fakultas Kedokteran dan Ilmu Kesehatan Universitas Islam Negeri Syarif Hidayatullah.
Casillas-Vargas, G., Ocasio-Malavé¢, C., Medina, S., Morales-Guzman, C., Del Valle, R.G., Carballeira, N.M. & Sanabria-Rios,
D.J., 2021, ‘Antibacterial fatty acids: An update of possible mechanisms of action and implications in the development of the next-
generation of antibacterial agents’, Progress in lipid research, 82, p.101093.

WWw.ijrp.org



