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Oral health is a major concern in Indonesia, which is caused by bacteria infections
in oral cavity.! Bacteria such as Staphylococcus play a crucial role in the development
of dental diseases, showing the need for improving oral hygiene to prevent
infections.? Therefore, this research aimed to evaluate the effectiveness of mackerel
fish oil (Rastrelliger sp.) emulgel against Staphylococcus aureus using the disk
diffusion method in an in vitro. The investigation was carried out using an
experimental laboratory design with a post-test only control group through the Kirby-
Bauer disk diffusion method. The samples consisted of various concentrations of
mackerel fish oil emulgel (10, 5, 2.5, 1.25, 0.62, and 0.31%). Clinium® gel 1% was
used as a positive control, while gel base was served as a negative control. The
formation of inhibition zone diameter after 24 hours of incubation was measured in
millimeters (mm) using a vernier caliper. The results showed that mackerel fish oil
(Rastrelliger sp.) emulgel had antibacterial activity against Staphylococcus aureus.
The mean inhibition zone diameters observed at concentrations 10, 5, 2.5, 1.25,0.62,
and 0.31% were 16.99 mm, 13.23 mm, 10.32 mm, 7.18 mm, and 6.23 mm. Mackerel
fish oil (Rastrelliger sp.) emulgel showed effective antibacterial activity against
Staphylococcus aureus in an in vitro setting.
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ABSTRAK

Kesehatan rongga mulut masyarakat Indonesia masih dipermasalahkan hingga saat
ini. Permasalahan kesehatan rongga mulut paling umum diakibatkan oleh infeksi
bakteri pada rongga mulut.! Bakteri seperti Staphylococus aureus ikut berperan
dalam menyebabkan masalah gigi dan mulut. Oleh sebab itu, diperlukan peningkatan
perilaku pemeliharaan kesehatan gigi dan mulut untuk menjadi lebih baik.? Oleh
karena itu, tujuan penelitian ini adalah untuk mengetahui efektivitas pemberian
emulgel minyak ikan kembung (Rastrelliger sp) terhadap bakteri Staphylococcus
aureus menggunakan metode difusi cakram secara in vitro. Jenis penelitian ini
merupakan eksperimental laboratorium rancangan post-test only control design,
menggunakan metode difusi cakram Kirby-Bauer. Sampel penelitian ini terdiri dari
berbagai konsentrasi emulgel minyak ikan kembung (10, 5, 2.5, 1.25, 0.62, dan
0.31%). Clinium® gel 1 % sebagai kontrol positif dan basis gel sebagai kelompok
kontrol negatif. Zona bening yang yang terbentuk setelah 24 jam inkubasi diukur
dalam satuan milimeter(mm), dengan menggunakan jangka sorong. Hasil penelitian
bahwa Emulgel minyak ikan kembung (Rastrelliger sp.) menunjukkan adanya
aktivitas antibakteri terhadap Staphylococcus aureus dengan diameter zona hambat
pada konsentrasi 10, 5, 2.5, 1.25, 0.62, and 0.31% sebesar 16.99 mm, 13.23 mm,
10.32 mm, 7.18 mm, and 6.23 mm. Emulgel minyak ikan kembung (Rastrelliger sp.)
efektif sebagai antibakteri terhadap Staphylococcus aureus secara in vitro.

Kata kunci: Rastrelliger Sp, Ikan Makerel, Staphylococcus Aureus, Antibakteri
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1. Introduction

Oral health is a major concern in Indonesia, which is caused by bacteria infections in oral cavity [1].
Based on data from Indonesian basic health research (Riskesdas) in 2018, dental problems, including caries,
toothache, and tooth damage, contribute 45.3% of dental issues. Therefore, poor oral hygiene practices must
be improved to prevent and manage these conditions [2].

Staphylococcus aureus is recognized as one of the primary bacteria in oral cavity, which is frequently
found in oral environment, particularly in periodontal abscesses, showing the need for antibiotic therapy for
treatment.’ However, the inappropriate and prolonged use of antibiotics can lead to bacteria resistance through
various mechanisms, including drug inactivation, enzymatic modifications, low drug accumulation in resistant
cells, and metabolic pathway alterations [3,4]. Therefore, to limit Staphylococcus aureus resistance to
antibiotics, natural antibacterial agents like mackerel fish oil emulgel can be considered.

Mackerel fish (Rastrelliger sp.) contains various bioactive compounds such as proteins, lipids,
phosphorus, calcium, iron, vitamin A, and vitamin B, alongside omega-3 and omega-6 fatty acids with
antimicrobial properties [5]. Le et al. (2017) further showed that eicosapentaenoic acid, as an omega-3 fatty
acid, effectively eliminated gram-positive bacteria through rapid cell lysis and inhibited Staphylococcus aureus
[6]. Therefore, this research aims to examine antibacterial properties of mackerel fish oil emulgel as a natural
therapeutic agent inhibiting the growth of Staphylococcus aureus.

2. Materials and Methods

This research used laboratory experimental design with a post-test only control group and Kirby-Bauer
disk diffusion method, which was fast, inexpensive, and easy to use [7]. The experiment was performed from
September to November 2024 at the Microbiology Laboratory in the Faculty of Mathematics and Natural
Sciences, Universitas Sumatera Utara. A total of 24 samples were tested across eight treatment groups, each
replicated three times. The test samples consisted of mackerel fish oil emulgel at various concentrations (10,
5, 2.5, 1.25, 0.62, and 0.31), with Clinium® gel 1% and gel base serving as positive and negative control,
respectively.

Mackerel fish oil was prepared by washing fish thoroughly, followed by cutting into several pieces,
and heating in a vacuum oven at 70°C for 30 minutes. After heating, fish was manually wrapped in a cloth and
pressed to extract oil. Purification was performed using a magnetic stirrer by heating the extracted oil at 60°C
for 30 minutes and adding 1% bentonite. After changing color, oil was separated from coarse bentonite
particles using a centrifuge. The purified mackerel fish oil was stored in small glass bottles for further
formulation.

For emulgel formulation process, oil phase was made by mixing 12 mL of mackerel fish oil with Span
80 in liquid paraffin. The aqueous phase, prepared separately by mixing Tween 80 with distilled water, was
heated to 70—75°C. Subsequently, the aqueous phase was added gradually to the oil phase under continuous
stirring to form a stable emulsion. The gel base was prepared by mixing carbomer and hydroxypropyl
methylcellulose (HPMC), and adjusted to pH 6-6.5 with 1 mL Triethanolamine (TEA), followed by continuous
stirring. The emulsion was incorporated into the gel base to form the final emulgel formulation, with propylene
glycol added to enhance homogeneity [8].

Antibacterial activity of mackerel fish oil emulgel was tested against Staphylococcus aureus ATCC
25923 using Mueller-Hinton Agar (MHA) as the culture medium. Sterile filter paper discs were impregnated
with various concentrations at 10, 5, 2.5, 1.25, 0.62, and 0.31, alongside Clinium® gel 1% as the positive
control and gel base as the negative control. The discs were carefully placed onto the inoculated agar using
sterile forceps, ensuring full contact, followed by labeling and incubating for 24 hours at 37°C. Measurement
of inhibition zone diameter was performed after incubation using a vernier caliper and analyzed with SPSS
version 25. The data obtained were analyzed using One-Way Analysis of Variance (ANOVA) to evaluate, with
a p < 0.05 showing statistically significant difference among treatments. This suggested that the treatments
had a significant and effective influence on the tested variable.
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3. Results

Inhibition zone test was performed by measuring the diameter of clear zone formed around the bacteria
samples using a vernier caliper. The data obtained were analyzed statistically, and antibacterial activity was
assessed using mackerel fish oil emulgel (0.31-10%) compared to Clinium® 1% and gel base. The viscosity
of mackerel fish oil emulgel formulations was measured with Brookfield Viscometer to determine preparation
consistency, with acceptable values ranging from 2,000-4,000 cPs [9].

Table 1. Viscosity test of mackerel fish emulgel (Rastrelliger sp.)

Concentrations of mackerel fish oil emulgel (Rastrelliger sp.) Result
10 2954.7 cPs
5 2902.4 cPs
2.5 2786.3 cPs
1.25 2197.5 cPs
0.62 2083.5 cPs
0.31 2072.1 cPs

Table 2. Diameter of Inhibition Zone

Antimicrobial Activity (mm)

No Group Ul U2 U3 Mean + SD Sig.
1 Control+ 26.2 22.91 2211 2374+2.17
2 Control- 0 0 0 0+0
3 10% 16.63 19.72 14.63 17+ 2.56
4 5% 13.25 13.35 13.11 13.24+0.12 0,002+
5 2.50% 10.13 10.61 10.23 10.32 £ 0.25 '
6 1.25% 8.12 9.02 8.31 8.48 + 0.47
7 0.62% 7.31 7.21 7.02 719+0.15
8 0.31% 6.21 6.45 6.04 6.23+021

* = statistically significant

Table 3. Comparison of Inhibition Zone

Group  Control + Control - 10% 5%  2.50% 1.25% 0.62% 0,31%

Control+ - 0,012* 0,176  0,047* 0,035* 0,023* 0,024* 0,021*
Control- - - 0,033* 0,005* 0,001* 0,005* 0,001* 0,002*
10% - - - 0,563 0,186 0,114 0,093 0,077
5% - - - - 0,053 0,009* 0,016* 0,010*
2.50% - - - - - 0,056 0,002* 0,001*
1.25% - - - - - - 0,153 0,038*
0.62% - - - - - - - 0,030*
0.31% - - - - - - - -

* = gstatistically significant

Inhibition zone diameter can indicate antibacterial response. Based on the classification by Davis and
Stout (1971), the inhibition power criteria were categorized into four groups, namely weak (<5 mm), moderate
(5-10 mm), strong (11-20 mm), and very strong (>20 mm) [10]. The results showed a p-value of 0.002 (p <
0.05), indicating a statistically significant difference in the mean number of Staphylococcus aureus colonies
among all treatment groups. Therefore, the null hypothesis (Ho) was rejected, showing that mackerel fish oil
had effectiveness against the growth of Staphylococcus aureus.

Mackerel fish oil emulgel showed the potential to inhibit the growth of Staphylococcus aureus at
multiple levels. Moderate inhibition was observed at concentrations of 1.25, 0.62, and 0.31% with inhibition
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zone diameter of 10, 5, and 2.5% with 16.99, 13.23, and 10.32 mm, respectively. Meanwhile, very strong
inhibition was observed in the positive control group (Clinium® Gel 1%), which showed inhibition zone
diameter of 23.74 mm.

Figure 1. Observation of Inhibition Zones

4. Discussion

The mean inhibition zone diameter for mackerel fish oil emulgel at concentrations of 10, 5, 2.5, 1.25,
0.62, and 0.31% had values of 17+2.56, 13.24+0.12, 10.32+0.25, 8.48+0.47, 7.19+0.15, and 6.23+£0.21 mm,
respectively. The positive control (Clinium® gel 1%) produced an average inhibition zone diameter of
23.74+2.17 mm, while the negative control (gel base) did not produce any inhibition zone. The inhibitory
activity test result of mackerel fish oil emulgel showed moderate to strong inhibition of Staphylococcus aureus
growth, significant antibacterial activity compared to 0.31-10% (p value: 0.002).

Previous research has shown antibacterial activity of marine oil-based formulations against
Staphylococcus aureus, supporting the present results. Kim et al. (2018) reported that herring oil and the
omega-3 fatty acid components, particularly DHA and EPA, inhibited Staphylococcus aureus biofilm
formation and exceeded the expression of virulence genes such as hla encoding a-hemolysin [11]. Similarly,
Coraca-Huber et al. (2021) found that omega-3 polyunsaturated fatty acids showed significant antibacterial
and anti-biofilm activity against multidrug-resistant Staphylococcus aureus strains isolated from prosthetic
joint infections (PubMed). These results were similar to the concentration-dependent inhibition observed in
this research. Therefore, antibacterial effect of Rastrelliger sp. oil emulgel was largely attributable to the
omega-3 fatty acid content acting through membrane disruption and inhibition of bacterial adhesion [12].

Viscosity test of mackerel fish oil emulgel at concentrations of 10, 5, 2.5, 1.25, 0.62, and 0.31% was
conducted using a digital viscometer to determine formulation consistency. Viscosity is a measure of a fluid’s
resistance to flow, indicating the degree of internal friction in the fluid. Increase in viscosity affects the
difficulty for the fluid to flow and the movement of objects. Previous report observed that the optimal viscosity
range for gel formulations suitable for application was 20004000 cPs (centipoise) [9]. In this research,
viscosity of emulgel met the optimal viscosity range, with each concentration being more than 2000 cPs. The
viscosity measurement for each emulgel concentration was performed at a rotational speed of 6 RPM, and the
obtained results were recorded. Viscosity represents the resistance of a liquid to flow, and a higher value
correlates with greater antibacterial activity. The highest viscosity was observed in the 10% mackerel fish oil
emulgel formulation, which was 2954,7 cPs. In formulations with the same base composition, an increase in
emulgel concentration produced higher viscosity [13].

Antibacterial effectiveness of mackerel fish oil is attributed to omega-3 fatty acid. Similarly, Dewi et
al. (2023) reported that Pangasius sp. extract, a fish rich in omega-3 fatty acids, showed significant antibacterial
activity [14]. Emulgel formulation effectively reduced the colony count of Staphylococcus aureus in a
concentration-dependent manner. This was due to higher concentrations of emulgel, which contained greater
amounts of active compounds, enhancing antibacterial efficacy [15].

Components of omega-3 fatty acids, such as Icosapentaenoic acid (EPA) and Docosahexaenoic acid
(DHA), show antibacterial properties through several mechanisms. These include disrupting bacteria
membrane by interrupting the electron transport chain, uncoupling oxidative phosphorylation, causing death
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of cell by lysis, inhibiting enzymatic activity, reducing nutrient absorption, and inducing peroxidation and
auto-oxidation [12]. Le et al. (2017) stated that EPA compounds were highly effective in rapidly eliminating
Gram-positive bacteria through cell lysis. Additionally, EPA can inhibit and eliminate Staphylococcus aureus
[6]. Homens et al. reported that DHA disrupted bacteria cell membrane function, leading to structural damage
and cell death. Antibacterial activity of DHA is more potent against Gram-positive bacteria [16].

5. Conclusion

In conclusion, this research shows that mackerel fish oil emulgel has moderate to strong antibacterial
effectiveness against Staphylococcus aureus in vitro. The 5% and 10% concentrations produce the largest
inhibition zone diameter, indicating a concentration-dependent antibacterial effect. Compared to previous
reports on herring or salmon oil, this research shows that mackerel fish oil possesses significant antibacterial
potential when formulated as an emulgel. These results contribute to the growing understanding of marine-
derived omega-3 fatty acids as natural antibacterial agents, showing the potential of mackerel fish oil emulgel
as locally available alternative for future.
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