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Abstract:

Aloe vera is a well-known succulent plant and it is often used to moisturise and sooth the skin. In this study, Aloe
vera is incorporated into natural soap to investigate the antibacterial properties and cytotoxicity of the samples. The
antibacterial properties of the Aloe vera sample was determined by performing zone inhibition and bacterial colony
test on Escherichia coli (E. coli). The cell viability test was conducted with human skin fibroblast cells through MTT
assay. The Aloe vera samples showed antibacterial properties through the presence of inhibition zones and in the
bacterial colony analysis, the Aloe vera samples have inhibitory effect against E. coli with a bacterial retardation
percentage of 31.97+0.90%. The cell viability percentage of 95.30+11.16% was found on the Aloe vera sample with
normal cell morphology. These results testified that the Aloe vera sample was biocompatible and possessed
antibacterial properties which is suitable to be incorporated in skin products.
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1. Introduction

Natural medicinal resources are commonly been emphasised in the application of skin care and skin treatment.
Previous studies have scientifically showed medicinal plants such as Aloe vera [1], Achyranthes aspera [2], Centella
asiatica (centella) [3] and Actinidia deliciosa (kiwifruit) [4] have an ability to enhance and accelerate the healing process
of burn wound. Aloe vera is a type of succulent plant that grows naturally in tropical climate around the world. Aloe vera
gel is commonly used in treating burn wound, tissue sore, tissue scar and inflammation [1]. It is also being embedded
inside cosmetic products for its moisturising and soothing effects [5]. Besides, Aloe vera is effective in managing
pigmentation, stretch marks and wrinkles [6]. Its mechanisms of action are mostly based on the stimulation of collagen,
fibroblast and macrophages for the proliferation of connective tissues and phagocytosis activation [5]. Furthermore, Aloe
vera is pre-scientifically proved to have an antibacterial property by retarding the growth of several skin pathogens such
as Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, Proteus vulgaris and Proteus mirabilis [7].

In this study, Aloe vera was incorporated into soap through a saponification process. Saponification is a cost-
effective process which does not requires high-energy consumption and dangerous chemical reagents. It employed the
counter current mixing of fatty acids and triglyceride in producing bar soap for washing and cleaning purposes [8]. The
incorporation of Aloe vera is intended to equip a soap with biocompatible and antibacterial properties to be used on the
skin. Therefore, this study aimed to investigate the antibacterial and biocompatibility properties of naturally derived soap
consisted of Aloe vera. The samples were prepared using a natural cold process. The antibacterial property was evaluated
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against Escherichia coli (E. coli) through zone inhibition test and bacterial colony test. While, the cytocompatibility
property was determined with human skin fibroblast cells through MTT assay and morphology observation under an
inverted microscope.

2. Materials and Methods

2.1 Sample preparation

Aloe vera soap was obtained from Pure Natural Resources Sdn. Bhd., Malaysia. A cold process method was used
to prepare the samples by mixing 75% v/v fixed oils, 5% v/v sodium hydroxide (NaOH) and 20% v/v Aloe vera extracts.
The fixed oils were composed of 50% extra virgin olive oil, 15% Aloe vera oil, 15% shea butter, 10% unrefined avocado
oil, 7% cold press extra virgin coconut oil and 3% neem oil.

2.2 Antibacterial test

Gram-negative bacteria, Escherichia coli (ATCC 25922) was used to investigate the antibacterial property of the
samples. The Aloe vera soap were pre-evaluated through a zone inhibition test or also known as a disc diffusion technique.
The samples were punched into a disc shape with a diameter of 10 mm and 5 mm and sterilised using 70% ethanol
solution. The sterilised discs were then placed on Luria-Bertani (LB) agar that has been smeared with bacteria. The discs
were given soft pressure to fix its position and incubated in an incubator at 37°C for 24 hours. The inhibition zones of the
discs towards E. coli were observed. The analysis was carried out in triplicate and the average data were calculated.

The antibacterial property of the samples was further evaluated through a bacterial colony test by calculating the
percentage of antibacterial efficacy. The Aloe vera samples were cut into small cubes with a weight of 0.01 g. The cubes
were washed with 70% ethanol for sterilisation purpose. Each cube was then dissolved in 5 mL distilled water and
vortexed for 30 seconds to acquire the extraction suspension. The bacteria with a concentration of 1x10° cells/mL were
pipetted into the extraction suspension and incubated in a shaking incubator for 3 hours at 200 rpm with a temperature of
37°C. Two-fold dilution series of bacterial suspension were performed in deionised water at a ratio of 1:9. Later, 10 pL
of each dilution series was drop on LB agar and incubated at 37°C for 24 hours. The bacterial colonies formed on the
agar were counted to obtain the percentage of antibacterial efficacy [9]. The control for the bacterial colony test was set
to the addition of 1 mL of 70% ethanol in the extraction suspension without the introduction of sample.

2.3 Cytotoxicity test

The biocompatibility of the samples was investigated through a cytotoxicity test with human skin fibroblast cells
(HSF 1184). The viability of cell was assessed by MTT assay. The MTT assay was based on the ability of live cells to
reduce a tetrazolium-based compound (MTT) into a purplish formazan product. The extraction suspension of the samples
were prepared following American Society for Testing and Materials F813-07 (ASTM F813-07) by immersing 0.01 g
cube soap in 1 mL Dulbecco's Modified Eagle Medium (DMEM). Initially, the HSF cells were sub-cultured in DMEM
supplemented with 10% (v/v) foetal bovine serum (FBS) (Gibco, USA) and 1% penicillin/streptomycin. At passage four
to five, 1x10°% HSF cells were allowed to attach on a 96 well-plate for 24 hours. The extraction suspension were then
pipetted in each well and further incubated for 24 hours at 37°C with the presence of 5% carbon dioxide (CO2). The cell
morphology was then observed under an inverted microscope (AX10, Zeiss, Germany) at a magnification of 20x.

The cells were then washed with phosphate buffered saline (PBS) to remove non-attached cells. A total of 200 puL
MTT (5 mg/mL) solution was added to each well and incubated for 4 hours to allow a complete reaction. After 4 hours,
the solution were discarded and 150 pL dimethyl sulfoxide (DMSQO) was pipetted into each well to dissolve the formazan
crystal. The formazan products were measured at 540 nm wavelength using a microplate reader (Thermo Scientific,
USA). Finally, the procedure of cytotoxicity test was repeated without immersion of the sample in the extraction
suspension as the control sample. All analyses were carried out in triplicate and the data were presented as mean +
standard deviation.

3. Results & Discussion

3.1 Antibacterial analysis

The Aloe vera samples show inhibition zones on E. coli as shown in Figure. 1(A) indicating its antibacterial
properties. Wide inhibition zones produced by the Aloe vera samples clearly testified its antibacterial effectiveness.
Although the antibacterial activity of Aloe vera was low, it was suggested that the addition of the compound as an
ingredient in any antibacterial product may favour direct antibacterial effect on accessible areas of the body [6,7]. The
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distances of the inhibition zones were not recorded due to indistinct inhibition zones as the samples were slightly diluted
within the agar.

The results of inhibition zones were further verified with the bacterial colony analysis. Figure. 1(B) shows
percentage of antibacterial efficacy of natural Aloe vera soap. The Aloe vera samples have inhibitory effect against E.
coli with an antibacterial percentage of 31.97+£0.90%. In comparison, the control sample that consisted of 70% ethanol
possessed 100% antibacterial percentage. These results are in accordance to the results of the inhibition zones, clarifying
the effectiveness of the Aloe vera samples in retarding the growth of E. coli.
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Figure 1. Inhibition zones (A) and antibacterial percentage (B) on Aloe vera soap

The antibacterial capability of Aloe vera soap is mostly contributed by the phytochemical components that existed
in the Aloe vera which permit the effect to kill E. coli. Specific Aloe vera compounds that involves in the antibacterial
activity of Aloe vera are anthraquinones and dihydroxyanthraquinones as well as saponins. Bradford and Awad [10] have
proposed Aloe vera to have direct antimicrobial activity. Other than that, phytosterols have also been shown to directly
inhibit tumour growth by slowing cell cycle progression through induction of apoptosis and inhibition of tumour
metastasis [10]. Additionally, phytosterols also can reduce biomarkers for oxidative stress and inflammation [11] and
reduce cancer development by enabling antitumor responses, increasing immune recognition of cancer, influencing
hormonal-dependent growth of endocrine tumours and altering sterol biosynthesis [11].

3.2 Cytotoxicity analysis

The Aloe vera samples did not cause cell retardation when tested on human skin fibroblast cells. The cell viability
showed 95.30+11.16% on the Aloe vera soap (Figure 2) suggesting its compatibility to be used on the skin. Boudreau
and Beland [12] mentioned that Aloe vera gel has displayed non-toxic and may stimulate cellular proliferation even at
100% concentration.
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Figure 2. Viability percentage

Besides, in this study, the HSF cells exhibited normal morphologies in accordance to the control when the cells were
in contact with the Aloe vera (Figure 3). There was no sign of ruptured morphology even there was some uptake of Aloe
vera particles by the cells. However, it did not affect the cell viability as the Aloe vera could improve wound healing and
inhibit inflammation [13].
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4. Conclusion
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Figure 3. Morphologies of control and Aloe vera soap

The antibacterial and cell viability analyses showed that the Aloe vera soap has antibacterial properties and
biocompatible with human skin cells. The soap is suitable to be used on human skin which might be able to control
inflammation and infection while soothing the skin.
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