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ABSTRACT 

Body malodor results from the bacterial breakdown of apocrine gland secretions, with 

Staphylococcus epidermidis identified as a key contributor. Conventional deodorants 

often rely on synthetic compounds that may cause skin irritation or pose long-term 

health risks. This study aimed to formulate and assess an antibacterial roll-on 

deodorant containing methanolic extract of Spatholobus littoralis Hassk., a Kalimantan-

native medicinal plant known for its antibacterial properties. The extract, prepared via 

maceration, was incorporated into a multiphase emulsion base comprising zinc 

ricinoleate, aluminum potassium sulfate, Carbopol 940, triethanolamine, Lexemul 

CS20, BHT, and phenoxyethanol. The formulations were evaluated for their 

physicochemical characteristics—pH, spreadability, adhesiveness, and 

homogeneity—as well as antibacterial activity against S. epidermidis using the disc 

diffusion assay. The extract-containing formulations (F1–F3) exhibited a beige color, 

herbal aroma, and uniform texture. The pH values (4.12–4.35) were within the 

dermally acceptable range. The spreadability varied from 4.59 to 4.81 cm, while the 

adhesiveness ranged from 2.04 to 3.26 min, indicating favorable application and 

retention properties. Antibacterial testing showed inhibition zones of 10.40–12.37 mm, 

comparable to a commercial control (p > 0.05). These findings suggest that S. littoralis 

extract is a potential natural, skin-compatible antibacterial agent for topical deodorant 

applications. 
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INTRODUCTION 

Sweating is a natural thermoregulatory 

mechanism of the human body; however, it often 

leads to the formation of unpleasant body odor, 

which can diminish self-confidence and negatively 

affect social interactions (Teerasumran et al., 2023). 

Body odor arises from the microbial decomposition 

of naturally odorless sweat secretions into volatile 

compounds (Pessemier et al., 2022).  

This phenomenon is more than a hygienic 

concern; it plays a role in chemosensory 

communication and is associated with various social 

behaviors essential for human interaction and 

survival, including mate selection (de Groot et al., 

2017; Mussi et al., 2024). Although sweating and body 

odor are biologically normal processes, they are often 

perceived as signs of poor hygiene, leading to 

embarrassment and decreased self-esteem 

(Kanlayavattanakul & Lourith, 2011). The malodour 

associated with sweat is primarily due to the 

metabolic activities of skin-residing bacteria, 

including Staphylococcus aureus, Staphylococcus 

epidermidis, Corynebacterium acne, Pseudomonas 

aeruginosa, and Streptococcus pyogenes (McManus et 

al., 2017). Therefore, controlling both sweating and 

odor remains a significant focus of cosmetic and 

pharmaceutical research. 

Current strategies to combat body odor and 

excessive sweating fall into two primary categories: 

deodorants and antiperspirants. Regular soap use is 

often insufficient for managing body odor; hence, 

many individuals opt to use deodorants as a 

complementary approach (Komala et al., 2019). 

Despite ongoing innovations, many commercial 

formulations still rely on conventional active agents 

such as triclosan and aluminum salts, which have 

been widely used for over four decades (Oliveira et 

al., 2021). 
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Growing safety concerns regarding synthetic 

compounds such as triclosan and aluminum salts, 

which are linked to conditions such as Alzheimer's 

disease, certain cancers, and dermatitis, have driven 

consumer interest toward natural, plant-based 

alternatives (Naseef PP et al., 2024; Oliveira et al., 

2021). Herbal extracts with antimicrobial properties 

are increasingly used in deodorant and 

antiperspirant formulations because of their 

perceived safety, skin compatibility, and long-term 

use in traditional care (Naseef PP et al., 2024). As the 

routine application of these products remains high, 

especially in the axillary region, the demand for 

effective natural solutions that reduce body odor 

without harmful side effects continues to grow 

(Akshatha R S et al., 2023; Pessemier et al., 2022). 

Spatholobus littoralis Hassk., a medicinal plant 

native to Kalimantan, Indonesia, is known for its rich 

content of bioactive phenolic compounds, such as 

flavonoids, tannins, alkaloids, and phenols, which 

exhibit notable antibacterial properties (Afifah & 

Iskandar, 2024; Farhan et al., 2022; Hamzah et al., 

2023; Mochtar et al., 2022; Novalia Rahmawati 

Sianipar et al., 2023). These compounds have been 

reported to damage bacterial cell walls, interfere with 

intracellular metabolism, and inhibit biofilm 

formation (Khairani et al., 2023; Putri et al., 2024). 

Although the antibacterial activity of S. 

littoralis has been widely reported, its application in 

topical delivery systems, such as roll-on deodorants, 

remains unstudied. In particular, no formulation 

studies have evaluated its physicochemical 

characteristics or antibacterial effectiveness against 

Staphylococcus epidermidis, a key bacterium involved 

in body odor formation. 

This study presents a novel roll-on deodorant 

formulated using methanolic S. littoralis extract. S. 

littoralis was selected due to its high phenolic content 

and strong, previously documented antibacterial 

activity, offering a potent alternative to commonly 

used plant-based deodorant ingredients. Despite its 

promising bioactivity, its incorporation into topical 

cosmetic systems, particularly roll-on formulations, 

has not been investigated. This study evaluated the 

physicochemical properties and antibacterial efficacy 

of the formulation against Staphylococcus epidermidis, 

addressing a research gap and supporting the 

development of effective natural-derived functional 

cosmetic products. 

RESEARCH METHODS 

Research Materials 

The materials used in this study included 

Spatholobus littoralis Hassk. root (Ketapang, West 

Kalimantan), methanol (Merck), Carbopol 940, 

triethanolamine (TEA), butylated hydroxytoluene 

(BHT), and distilled water. Microbiological assays 

employed Staphylococcus epidermidis ATCC 12228, 

Mueller Hinton Agar (Oxoid), and sterile NaCl 

solution. Instrumentation included standard 

laboratory glassware, an analytical balance, UV–Vis 

spectrophotometer (Genesys), pH meter, rotary 

evaporator (IKA), incubator (Memmert), centrifuge, 

and other microbiological tools such as an autoclave, 

inoculating loop, blender, mortar and pestle, and 

hotplate. 

Sample Preparation 

Spatholobus littoralis Hassk. The plant 

collected from Ketapang, West Kalimantan, was 

taxonomically verified at the Department of Biology, 

Universitas Tanjungpura. Sample preparation and 

extraction procedures were conducted as described 

by Hamzah et al. (2023) with slight modifications. 

Fresh S. littoralis rods were washed, sorted, and air-

dried under sunlight for three days. The dried 

material was then coarsely ground and stored in an 

airtight container. A total of 100 g of powdered 

simplicia was macerated in methanol (Merck) under 

sealed conditions for 72  h. The filtrate was 

concentrated under reduced pressure at 50 °C using a 

rotary evaporator (IKA) to obtain a viscous 

methanolic extract. 

Preparation of Roll-on Deodorant  

The roll-on deodorant formulations were 

prepared using three different formulas (Table 1) 

with extract concentrations of 1%, 3%, and 5%. These 

levels were selected based on the findings of Mochtar 

et al. (2022), who reported increased bioactivity with 

increasing extract concentrations. Accordingly, 

higher concentrations were evaluated in this study to 

determine whether further enhancement of the 

functional performance could be achieved.  

A roll-on deodorant was prepared using a 

multi-phase emulsification technique adapted from 

Mayangsari et al. (2023), with modifications. In the 

aqueous phase, Carbopol 940 was dispersed in half 

the total volume of distilled water and allowed to 

fully hydrate. Triethanolamine (TEA) was then 

added dropwise with continuous stirring to form a 

homogeneous gel and adjust the pH to 

approximately 6. Separately, the oil phase was 

prepared by melting Lexemul CS20, butylated 

hydroxytoluene (BHT), and zinc ricinoleate at 80 °C 

until fully dissolved. In another beaker, the 

remaining distilled water was heated to 70 °C and 

used to dissolve aluminum potassium sulfate. The 

aqueous solution was gradually incorporated into the 

oil phase under continuous stirring to form an 

emulsion. After achieving uniformity, 
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phenoxyethanol and the preformed gel were added 

and mixed thoroughly. Finally, the S. littoralis 

methanolic extract was incorporated into 

formulations F1, F2, and F3, and the resulting 

deodorant creams were stirred until consistent and 

homogeneous. 

 

Table 1. Roll-on Deodorant Formulation 

No. Bahan 
Formula (%) 

F0 F1 F2 F3 

1  S. littoralis extract - 1 3 5 

2  Zinc ricinoleate 2 2 2 2 

3  Potassium aluminium sulfate 2 2 2 2 

4  Carbopol 940 0.5 0.5 0.5 0.5 

5  TEA 0.5 0.5 0.5 0.5 

6  Lexemul CS20 5 5 5 5 

7  BHT 0.1 0.1 0.1 0.1 

8  Phenoxyetanol 1 1 1 1 

9  Aquadest 88.9 87.9 85.9 83.9 
 

Physical Evaluation of Roll-on Deodorant 

1. Homogeneity and organoleptic evaluation 

  The homogeneity of the cream deodorant 

formulations was evaluated by spreading 0.5 g of 

each sample onto a watch glass and observing the 

uniformity. The preparations were considered 

homogeneous if no visible particles, granules, or 

phase separation were detected upon visual and 

tactile inspection. The organoleptic properties, 

including texture, color, and odor, were assessed to 

ensure the consistency and acceptability of the 

formulation (Lidia et al., 2022). 

2. pH measurement 

  For pH analysis, 0.5 g of the cream deodorant 

was dispersed in 5 mL of distilled water and mixed 

thoroughly. The pH was measured using a calibrated 

digital pH meter. According to the Indonesian 

National Standard (SNI 16-4951-1998), an acceptable 

pH range for cream deodorant formulations is 

between 3.0 and 7.5 (Megantara et al., 2017). 

3. Spreadability test 

Spreadability was assessed by placing 0.5 g 

of the cream sample between two glass plates. After 

one minute of equilibration under its own weight, the 

initial spread diameter was measured. Incremental 

loads (20–125 g) were then applied sequentially using 

calibrated standard weights, each maintained for one 

minute before measuring the resulting diameter. The 

procedure was performed in triplicate to ensure 

reproducibility. The optimal spreadability value for 

topical preparations is typically within the range of 

5–7 cm (Lidia et al., 2022). 

4. Adhesiveness test 

Adhesiveness was evaluated by placing 0.5 g 

of the cream formulation between two glass plates to 

ensure uniform contact. A 1 kg weight was applied 

for 5  min to establish adhesion, followed by the 

addition of a 100 g detachment weight. The time 

required for the plates to separate was recorded 

subsequently. The test was conducted in triplicate to 

ensure accuracy and reproducibility (Megantara et 

al., 2017). 

In Vitro Antibacterial Activity 

  The antibacterial activity of the roll-on 

deodorant formulations was evaluated using the disc 

diffusion method against Staphylococcus epidermidis, 

as described by Khattak et al. (2022), with slight 

modifications. Bacterial cultures in the logarithmic 

growth phase were obtained by overnight 

subculturing. A standardized inoculum was evenly 

spread onto Mueller–Hinton Agar (Oxoid) (25 mL 

per plate) using a sterile cotton swab. Sterile 5 mm 

paper discs were impregnated with the test samples 

(F1, F2, and F3) and placed on the agar surface within 

15 min of inoculation.  

  A commercial deodorant was used as the 

positive control, and the base formulation (F0) was 

used as the negative control. The plates were 

incubated at 37 °C for 24 h. The zones of inhibition 

were measured in millimeters using a caliper to 

assess the antibacterial efficacy. All experiments were 

performed in triplicate, and the results are presented 

as mean values ± standard deviation. Data were 

analyzed using one-way analysis of variance 

(ANOVA) in SPSS software, with post-hoc tests 

conducted where applicable. Statistical significance 

was set at p < 0.05. 

RESULTS AND DISCUSSION  

The plant material used in this study was 

sourced from Ketapang, West Kalimantan, and 

taxonomically verified at the Department of Biology, 

Universitas Tanjungpura, Pontianak, Indonesia. The 

specimen was identified as Spatholobus littoralis 

Hassk., a species traditionally used in ethnomedicine.  
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It is rich in phenolic compounds, including 

flavonoids, tannins, alkaloids, and phenols, which 

contribute to its antibacterial properties (Afifah & 

Iskandar, 2024; Farhan et al., 2022; Hamzah et al., 

2023; Mochtar et al., 2022; Novalia Rahmawati 

Sianipar et al., 2023). These bioactive constituents 

have been reported to exert antimicrobial effects by 

disrupting bacterial cell membranes, impairing 

metabolic pathways, and inhibiting biofilm 

formation (Khairani et al., 2023; Putri et al., 2024). 

Following identification, a roll-on deodorant 

was formulated using S. littoralis methanolic extract 

as the active ingredient. The base formulation was 

developed using a multiphase emulsification 

technique adapted from Mayangsari et al. (2023), 

incorporating key excipients, including zinc 

ricinoleate (odor absorber), potassium aluminum 

sulfate (astringent and antimicrobial), Carbopol 940 

(gelling agent), triethanolamine (neutralizer), 

Lexemul CS20 (emulsifier), BHT (antioxidant), and 

phenoxyethanol (preservative). These components 

were selected to ensure that the final product met the 

physicochemical requirements for topical 

application, including suitable pH, spreadability, 

adhesion, and homogeneity (Kanlayavattanakul & 

Lourith, 2011; Naseef PP et al., 2024). 

The organoleptic evaluation of the S. littoralis 

roll-on deodorant revealed a color shift from off-

white in the base formulation (F0) to beige in the 

extract-containing variants (F1, F2, and F3) (Table 2). 

This was attributed to the natural pigments from 

phenolic compounds in the plant (Putri et al., 2024). 

Formulations also exhibited a distinct herbal scent 

characteristic of Bajakah Tampala, in contrast to the 

odorless control.  

All samples displayed a soft, semi-solid, and 

easily spreadable consistency, supported by the 

gelling and emulsifying properties of Carbopol 940 

and Lexemul CS20 (Mayangsari et al., 2023). The 

absence of phase separation or particulate matter 

indicates good physical uniformity (Khattak et al., 

2022).Homogeneity testing further confirmed the 

consistent dispersion of the ingredients across all the 

formulations. 

Table 2. Homogeneity and Organoleptic Evaluation 

No. Formulation 
Organoleptic 

Homogeneity 
Color Odor Texture 

1  F0 White Odorless Soft, easily spreadable, semi-solid Homogen 

2  F1 Beige Typical of Bajakah Tampala Soft, easily spreadable, semi-solid Homogen 

3  F2 Beige Typical of Bajakah Tampala Soft, easily spreadable, semi-solid Homogen 

4  F3 Beige Typical of Bajakah Tampala Soft, easily spreadable, semi-solid Homogen 

The results of the pH, spreadability, and 

adhesiveness tests are presented in Table 3. The pH 

of the S. littoralis roll-on deodorant formulations was 

assessed using a calibrated pH meter to ensure 

dermal compatibility, as the potential for skin 

irritation is closely related to product acidity (Ijaz et 

al., 2022). As shown in Table 3, the pH values ranged 

from 4.12 to 4.56, which fall within the acceptable 

limits for topical products (pH 4.0–6.0), as suggested 

by Chen et al. (2016), indicating that the formulations 

are safe for regular skin application. Spreadability, 

defined as the ease with which a semisolid 

formulation is distributed across the skin, is critical 

for ensuring uniform dosage and optimal therapeutic 

efficacy in topical applications (Chen et al., 2016). In 

the present study, the spreadability values of the 

extract-based deodorant ranged between 4.59 and 

4.81 cm (Table 3), which is slightly below the 

recommended range of 5–7 cm for ideal topical 

performance (Bakhrushina et al., 2022). This modest 

reduction in spreadability may be attributed to the 

relatively high viscosity, which potentially limits the 

smoothness of the application and consumer 

acceptability (Rahim et al., 2023). Adhesiveness 

evaluation demonstrated significant variations 

between the formulations. F2 and F3 exhibited 

extended detachment times of 3.26 min and 2.29 min, 

respectively, suggesting adequate retention on the 

skin, which is beneficial for sustained deodorant 

activity. In contrast, F1 displayed a considerably 

lower adhesion time of 2.04 min . Nevertheless, based 

on established criteria, an adhesion time exceeding 1 

s is considered acceptable for topical preparations 

(Kurniawan & Aryani, 2024), indicating that all 

formulations possessed sufficient bioadhesive 

properties to ensure effective skin contact and 

functional performance. 

The antibacterial activity of the roll-on 

deodorant formulations containing Spatholobus 

littoralis (Bajakah Tampala) extract was assessed 

using the disc diffusion method against 

Staphylococcus epidermidis, a Gram-positive bacterium 

that is a predominant contributor to body odor due 

to its role in the degradation of apocrine sweat 

components (McManus et al., 2017). As shown in 

Table 4, all extract-based formulations (F1–F3) 

demonstrated inhibitory activity, with inhibition 

zones ranging from 10.40 to 12.37 mm, while the 
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positive control (commercial roll-on deodorant) 

showed the highest activity at 13.23 ± 0.535 mm. 

Among the test groups, F3 exhibited the highest 

inhibition zone (12.37 ± 4.078 mm), followed closely 

by F2 (12.32 ± 1.882 mm), suggesting that these 

concentrations of the methanolic extract effectively 

suppressed   bacterial   growth.   These   results   are 

consistent with those of previous studies reporting 

that phenolic compounds, such as flavonoids, 

tannins, and alkaloids, found in S. littoralis exert 

antibacterial effects by damaging bacterial cell walls 

and inhibiting biofilm formation (Afifah & Iskandar, 

2024; Farhan et al., 2022; Hamzah et al., 2023; Mochtar 

et al., 2022; Novalia Rahmawati Sianipar et al., 2023). 

Table 3. The Result of pH, Spreadability and Adhesiveness Test 

No. Formulation pH Spreadability (cm) Adhesiveness (min) 

1 F0 4.56 ± 0.012 4.02 ± 0.602 1.21  ± 0.297 

2 F1 4.35 ± 0.010 4.81 ± 0.072 2.04  ± 0.200 

3 F2 4.12 ± 0.015 4.59 ± 0.071 3.26  ± 1.127 

4 F3 4.26 ± 0.021 4.71 ± 0.385 2.29  ± 0.191 

Interestingly, F1 produced the lowest 

inhibition zone (10.40 ± 1.011 mm) among the extract-

containing formulations, possibly due to insufficient 

extract concentration or less optimal distribution of 

active constituents within the base matrix (Herbig et 

al., 2023). Despite its lower activity, F1 exhibited a 

measurable antibacterial effect above the negative 

control, F0 (11.52 ± 0.945 mm), which lacked the plant 

extract and demonstrated minimal inhibition, likely 

attributable to the presence of aluminum potassium 

sulfate and zinc ricinoleate, components known to 

provide antimicrobial properties (Abendrot & 

Kalinowska-Lis, 2018; O Amadi, 2020). 

Statistical analysis using one-way ANOVA 

showed no significant differences in antibacterial 

activity among the groups (p = 0.573; p > 0.05), 

indicating that the observed variations in the 

inhibition zones were not statistically attributable to 

the treatments.  

Tukey’s post hoc test further confirmed that 

the formulations containing S. littoralis extract (F1–

F3) exhibited no significant differences compared to 

the commercial deodorant used as the positive 

control. These findings suggest that the extract-based 

formulations demonstrated antibacterial activity 

comparable to that of the established commercial 

product under the experimental conditions used in 

this study. 

Table 4. Evaluation of the Antibacterial Efficacy of Bajakah Tampala’s Roll-on Deodorant Formulations Against 

Staphylococcus epidermidis 

No. Formulation Inhibition Zone (mm) 

1 F0 11.52 ± 0.945 

2 F1 10.40 ± 1.011 

3 F2 12.32 ± 1.882 

4 F3 12.37 ± 4.078 

5 Control (+) 13.23 ± 0.535 

 

A 

 

B 

 

 
 

Figure 1. Antibacterial Activity of Bajakah Tampala’s Roll-on Deodorant (A) Antibacterial capacity (B) 

Inhibition Zone of Roll-on Deodorant Formulation 

CONCLUSION 

This study confirmed that roll-on deodorants 

containing methanolic extracts of Spatholobus littoralis 

Hassk. possessed acceptable physicochemical and 

organoleptic characteristics for topical application. 

Although the spreadability was slightly below the 

F0 F1 

F2 F3 

Control + 



Jurnal Mandala Pharmacon Indonesia 
Vol. 11 No. 2 

463 

 

JMPI | December 2025           Available @ http://www.jurnal-pharmaconmw.com/jmpi Dwisari, et al.  
 

ideal range, the formulations maintained adequate 

performance. Enhanced adhesiveness in extract-

based formulations may contribute to extended skin 

contact and improved deodorizing. All formulations 

showed antibacterial activity against Staphylococcus 

epidermidis, although no statistically significant 

difference was observed compared to the commercial 

products. These findings indicate the promising 

potential of S. littoralis as a natural antibacterial agent, 

warranting further investigation through 

quantitative antimicrobial evaluations. 
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