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 Lactobacillus acidophilus and Aggregatibacter actinomycetemcomitans 

are gram bacteria that can cause various problems in the oral cavity so that 

materials that have antibacterial potency are needed. Calcium hydroxide, 

chlorhexidine, and sodium hypochlorite as antibacterial ingredients have 

disadvantages such as forming tunnel defects, causing dysgeusia, and 

damaging periapical tissue, so it is hoped that there will be natural materials 

as alternatives. The nano brown anchovy has fluor as the active compound 

which has the potential as an antibacterial agent. It analyzes the effect of 

antibacterial potency of nano brown anchovy (Stolephorus insularis) on 

Lactobacillus acidophilus and Aggregatibacter actinomycetemcomitans. 

This research is a laboratory experimental in vitro with the post-test only 

control group design. Brown anchovy is made into nano and diluted by 

dilution method into several concentrations. The direct contact method was 

used between some concentrations and the two bacteria. The values of MIC 

(Minimum Inhibitory Concentration) and MBC (Minimum Kill 

Concentration) were obtained by counting the number of bacterial colonies 

on Mueller Hinton Agar media. Bacterial colony growth was calculated 

manually in Colony Forming Units (CFU). The result of this research is 

that antibacterial potency of nano brown anchovy on Lactobacillus 

acidophilus showed MIC results at 1.56% concentration and MBC at 

3.125% concentration. Antibacterial potency of nano brown anchovy on 

Aggregatibacter actinomycetemcomitans showed MIC results at 3.125% 

concentration and MBC at 6.25% concentration. The conclusion is Nano 

brown anchovy has antibacterial activity on Lactobacillus acidophilus and 

Aggregatibacter actinomycetemcomitans. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Dental caries is an infection in the form of damage to the tooth structure due to the dissolution of chemical 

structures on the tooth surface caused by the metabolic activity of biofilms within a certain period of time [1]. 
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According to Riskesdas 2018 data, the prevalence of dental caries in Indonesia reached 45.3% and is one of 

the most common diseases worldwide [2]. The main cause of dental caries is cariogenic bacteria, fermented 

carbohydrates, susceptible teeth, host, and time. Biological factors such as cariogenic bacteria play an 

important role in the initiation and development of dental caries. Lactobacillus acidophilus is one of the main 

pathogenic bacteria that causes caries which has an important role in caries progression [3]. Besides 

Lactobacillus, one of the bacteria found in deep carious lesions is Aggregatibacter [4]. Aggregatibacter 

actinomycetemcomitans is a gram-negative facultative anaerobic bacterium and has a prevalence of 32% in 

samples of deep carious lesions [4], [5]. These bacteria are normal flora that colonize the oral cavity. A. 

actinomycetemcomitans has a number of virulence factors that influence disease progression [4]. In addition, 

A. actinomycetemcomitans can trigger quorum sensing activity of Streptococcus mutans [6]. 

 

Pathogenic microorganisms found in the oral cavity produce acid from carbohydrate fermentation and cause 

demineralization. In addition, pathogenic microorganisms can cause various problems in the oral cavity such 

as dental caries, gingivitis, and periodontitis. Antibacterial materials are needed to inhibit the activity of 

pathogenic bacteria in the oral cavity. Several materials that have antibacterial properties are available and 

used in dentistry, including calcium hydroxide, chlorhexidine, and sodium hypochlorite. Calcium hydroxide 

is a material that has antibacterial potency, but it has disadvantages such as dissolving over time, poor sealing, 

and tunnel defects formation [7]. The antibacterial agent widely used is Chlorhexidine (CHX). Chlorhexidine 

is commonly found in mouthwash and toothpaste. However, long-term use of CHX can cause dysgeusia and 

pigmentation of the teeth [8]. Sodium hypochlorite (NaOCL) in high concentrations can damage periapical 

tissue [9]. 

 

Pathogenic microorganisms found in the oral cavity produce acid from carbohydrate fermentation and cause 

demineralization. In addition, pathogenic microorganisms can cause various problems in the oral cavity such 

as dental caries, gingivitis, and periodontitis. Antibacterial materials are needed to inhibit the activity of 

pathogenic bacteria in the oral cavity. Several materials that have antibacterial properties are available and 

used in dentistry, including calcium hydroxide, chlorhexidine, and sodium hypochlorite. Calcium hydroxide 

is a material that has antibacterial potency, but it has disadvantages such as dissolving over time, poor sealing, 

and tunnel defects formation [7]. The antibacterial agent widely used is Chlorhexidine (CHX). Chlorhexidine 

is commonly found in mouthwash and toothpaste. However, long-term use of CHX can cause dysgeusia and 

pigmentation of the teeth [8]. Sodium hypochlorite (NaOCL) in high concentrations can damage periapical 

tissue [9]. 

 

Brown anchovy (Stolephorus insularis) is one of the most abundant resources in Indonesia and is very easy 

to find [10]. Brown anchovy contains calcium and fluoride which are beneficial for dental health. Fluoride in 

the form of CaF2 has high concentration in brown anchovy (15.7-38.3 ppm) [11], [12]. Ion F- in CaF2 can 

inhibit enzyme activity in bacteria so that Stolephorus insularis has an antibacterial potency [12]. 

 

In this study, brown anchovy is used in the form of nano particles. Nano particles are particles less than 100 

nanometers which has been used as biomaterials in medicine and dentistry. The main considerations in using 

nanoparticles are the physical and chemical properties, including surface charge and degree of 

hydrophobicity, surface area, and the ability of nanoparticles to be absorbed by the biofilm surface. 

Nanoparticles have a smaller size and large surface area so that their application does not require large 

concentrations. In addition, the nanoparticles have good biocompatibility and low toxicity. The effectiveness 

of nanoparticles in preventing caries is due to the ability of nanoparticles to inhibit biofilms and increase 

remineralization [13]. 
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Previous studies have shown that brown anchovy extract has antibacterial activity on Streptococcus mutans 

and has the best antibacterial activity at the highest concentration, which is 12% [11]. In another study, it was 

found that brown anchovy extract had antibacterial activity on Enterococcus faecalis at concentrations of 

18%, 24%, and 30%. 30% concentration of brown anchovy has the most effective antibacterial potency to 

inhibit the growth of Enterococcus faecalis [10]. 

 

2. Material and Method 

The type of research used was an experimental in vitro laboratory study with The Post Test Only Control 

Group Design. The sample used was the stock of bacteria L. acidophilus and Actinomycetemcomitans 

obtained from the Research Center of the Faculty of Dentistry, Airlangga University. 

 

In this study, researchers used brown anchovies obtained from Surabaya, East Java, Indonesia. 1 kg of brown 

anchovy cut into 2-5 mm then boiled for 1 hour then washed and dried in the sun for about 1 day. 100 g of 

dried anchovy was taken and then macerated using 1 M HCL for 2 hours and cleaned. After that, the brown 

anchovies were dried using an oven at a temperature of 105°C for 2 hours. The dried anchovy was pounded 

using a mortar and then filtered through a 60-mesh filter. Brown anchovy powder was ground using HEM for 

1 hour at a speed of 3000 rpm and a milling ball diameter of 0.5 mm. 20 grams of nano brown anchovy diluted 

using a saline solution into several levels of concentration, namely 25%; 12.5%; 6.25%; 3.125%, 1.56%; 

0.781%.  

 

The cultures of the Lactobacillus acidophilus group and the Aggregatibacter actinomycetemcomintans group 

were taken from the stock using a sterile osse. Bacteria were grown in tubes containing Brain Heart Infusion 

Broth (BHIB) and incubated for 24 hours at 37°C. The concentration of bacteria was adjusted to the standard 

of 0.5 McFarland (1.5 x 108 CFU/ml). 

 

Nano brown anchovy with several concentrations, namely 25%; 12.5%; 6.25%; 3.123%; 1.56%; 0.781% was 

added to 0.05 ml of the culture suspension of the Lactobacillus acidophilus group and the Aggregatibacter 

actinomycetemcomintans group of bacteria in BHIB. BHIB as a positive control was prepared without mixing 

nano brown anchovy, while BHIB as a negative control was prepared without the addition of test bacteria or 

nano brown anchovy. All test tubes were incubated for 24 hours at 37°C in an incubator. 0.1 ml of the solution 

was taken from BHIB then planted on Mueller Hinton Agar using the spreader method and incubated at 37°C 

for 24 hours. Colony groups of Lactobacillus acidophilus and Aggregatibacter actinomycetemcomintans 

bacteria growing on Muller Hinton Agar were counted manually and expressed by Colony Forming Unit 

(CFU). Calculations were carried out by 3 different observers and repeated 3 times. 

 

3. Result 

At the beginning of the study, the nano preparation and phytochemical tests were carried out on nano brown 

anchovy at Balai Penelitian dan Konsultasi Industri (BPKI) Surabaya. Below is a table of nano brown anchovy 

phytochemical test results. 

 

Table 1 Phytochemical Test Results of Nano Brown Anchovy 

Content Percentage 

Calcium 1.31% 

Fluoride 0.01981% 

Ferrum 0.0089% 
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Potassium 0.0561% 

 

This research was carried out by counting the number of bacterial colonies growing on Mueller Hinton Agar 

and expressed in Colony Forming Units (CFU/ml). 

 

 
Figure 1 Result of Lactobacillus acidophilus spread on Mueller Hinton Agar 

 

Table 2 Percentage of Death in Lactobacillus acidophilus Colony 

Sample Treatment Group 

Control 

(-) 

Control 

(+) 
25% 12.5% 6.25% 3.125% 1.56% 0.781% 

1 100% 0% 100% 100% 100% 100% 93% 78% 

2 100% 0% 100% 100% 100% 100% 91% 79% 

3 100% 0% 100% 100% 100 % 100% 92% 82% 

4 100% 0% 100% 100% 100% 100% 92% 80% 

 

Table 3 The Mean Value of the Lactobacillus acidophilus Death Percentage 

Treatment Group Number of 

Samples 

Mean Standard Deviation 

Control (-) 4 100% 0% 

Control (+) 4 0% 0% 

25% 4 100% 0% 

12.5% 4 100% 0% 

6.25% 4 100% 0% 

3.125% 4 100% 0% 

1.56% 4 92% 0.7% 

0.781 % 4 79.75% 1.5% 
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In Figure 1, table 2, table 3 shows that at a concentration of 1.56%, the average bacterial death was 93%, 

while at a concentration of 3.125%, the average bacterial death was 100%, which indicates the absence of 

bacterial growth. This indicated that the concentration of 1.56% is the MIC and 3.125% is the MBC for nano 

brown anchovy on Lactobacillus acidophilus. 

 

Table 4 Lactobacillus acidophilus Data Normality Test Result using Shapiro-Wilk Test 

Results Normality Test (Shapiro-Wilk Test) 

p-value of the positive 

control group 

0.513 

p-value of 1.56% 0.714 

p-value of 0.78% 0.689 

   α 0.05 

 

Test results with the Shapiro-Wilk normality test obtained significant value (p-value) greater than α (0.05) 

which indicates that the Lactobacillus acidophilus research data are normally distributed. 

 

Table 5 Lactobacillus acidophilus Homogeneity Test Results 

Homogeneity Test Results (Levene Test) 

p-value 0.241 

α 0.05 

 

Based on the results in the table, Levene Test’s p-value is 0.704 greater than α (0.05), which means the result 

is homogeneous. 

 

Table 6 Difference Test (One Way Anova) Result of Lactobacillus acidophilus 

Difference Test Results 

    (One Way Anova) 

p-value 0.00 

α 0.05 

 

Difference test results on Lactobacillus acidophilus research showed that p-value of 0.000, which is smaller 

than α (0.05), showed that there was significant difference in all groups treatment. 

 

Table 7 Differences Between 2 Independent Groups (Tukey HSD) Test Results of Lactobacillus 

acidophilus 

 Control (+) 1.56% 0.781% 

Control 

(+) 

 0.000** 0.000** 

1.56%   0.000** 
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0.781%    

 

From the comparison test for each group in the Lactobacillus acidophilus study, it shows that all groups have 

a p-value less than α (0.05) so it can be concluded that all groups have significant differences between 

treatment groups. 

 

 
Figure 2 Result of Aggregatibacter actinomycetemcomitans spread on Mueller Hinton Agar 

 

Table 8 Percentage of Death in Aggregatibacter actinomycetemcomitans Colonies 

Sample Treatment Group 

Control 

(-) 

Control 

(+) 
25% 12.5% 6.25% 3.125%; 1.56% 0.781% 

1 100% 0% 100% 100% 100% 92% 77% 66% 

2 100% 0% 100% 100% 100% 91% 81% 66% 

3 100% 0% 100% 100% 100 % 92% 80% 63% 

4 100% 0% 100% 100% 100% 90% 79% 65% 

 

Table 9 The Mean Value of The Aggregatibacter actinomycetemcomitans Death Percentage 

Treatment Group Number of 

Samples 

Mean Standard Deviation 

Negative Control 4 100% 0% 

Positive Control 4 0% 0% 

25% 4 100% 0% 

12.5% 4 100% 0% 

6.25% 4 100% 0% 

3.125% 4 91.25% 0.8% 

1.56% 4 79.25% 1.5% 
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0.781% 4 65% 1.2% 

 

In Figure 1, table 2, table 3 shows that at a concentration of 3.125%, the average bacterial death is 92% and 

at a concentration of 6.25%, the average bacterial death is 100%, which indicates no growth of the test 

bacteria. This indicated that the concentration of 3.125% is MIC and 6.25% is MBC for nano brown anchovy 

on Aggregatibacter actinomycetemcomitans. 

 

Table 10 The Normality and Difference (Shapiro Wilk and Kruskall Wallis) Test on Aggregatibacter 

actinomycetemcomitnas 

Group Normality Sig. Kruskal Wallis 

Control (+) 0.850 * 0.003 ** 

3.125% 0.001 

1.56% 0369 * 

0.781% 0712 * 

 

* Normal data distribution using the Shapiro Wilk (p> 0.05) 

** There is a significant difference 

 

Normality test results showed that one of the data were not normally distributed, namely at a concentration 

of 3.125% because p < 0.05. Therefore, the difference test was continued using Kruskall Wallis which showed 

that there was a significant difference because p < 0.05. 

 

Table 11 The Differences Between 2 Independent Groups (Mann-Whitney) Test on Aggregatibacter 

actinomycetemcomitans 

 Control (+) 3.125% 1.56% 0.781% 

Control (+)  0.018** 0.021** 0.021** 

3.125%   0.018** 0.018** 

1 ,56%    0.021** 

0.781%     

**There is a significant difference. 

 

The comparison test of 2 groups using the Mann-Whitney test showed a p-value < 0.05, which means that 

there was a significant difference in the research data on Aggregatibacter actinomycetemcomitans. 

 

4. Discussion 

The antibacterial potency of nano brown anchovies on Lactobacillus acidophilus and Aggregatibacter 

actinomycetemcomitans can be determined by conducting a laboratory study to determine the Minimum 

Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of nano brown anchovy on 

Lactobacillus acidophilus and Aggregatibacter actinomycetemcomitans. To determine the Minimum 

Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC), the serial dilution method 

was used. There were 6 concentrations of nano brown anchovies used, namely 25%, 12.5%, 6.25%, 3.125%, 

1.56%, and 0.78% with 4 replications each. 
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The results of the bacterial colony count of Lactobacillus acidophilus on Mueller Hinton Agar in this study 

showed that at a concentration of 1.56%, the average bacterial death was 93%, while at a concentration of 

3.125%, the average bacterial death was 100%, indicating no growth of the test bacteria. This indicated that 

the concentration of 1.56% is MIC and 3.125% is MBC of nano brown anchovies on Lactobacillus 

acidophilus. The results of the bacterial colony count of Aggregatibacter actinomycetemcomitans on Mueller 

Hinton Agar in this study showed that at a concentration of 3.125% an average bacterial death was 92% and 

at a concentration of 6.25% an average bacterial death was 100% which indicates no growth of the test 

bacteria. This indicated that the concentration of 3.125% is MIC and 6.25% is MBC of nano brown anchovies 

on Aggregatibacter actinomycetemcomitans. Based on this research, the antibacterial potency of nano brown 

anchovy on Lactobacillus acidophilus and Aggregatibacter actinomycetemcomitans is directly proportional 

to the concentration of nano brown anchovy, which means the higher the nano brown anchovy concentration, 

the stronger the antibacterial potency. 

 

Phytochemical tests on nano brown anchovies conducted at the BPKI Surabaya Laboratory showed the results 

of the active compound content of nano brown anchovies, namely calcium (Ca) 1.31%, fluoride (F) 

0.01981%, ferrum (Fe) 0.0089%, and potassium (K) 0.0561%. The active compound that acts as an 

antibacterial is fluoride. Fluor serves as an antibacterial material for F- ion can inhibit the performance of the 

two enzymes in bacteria, the enzyme Enolase and F-ATPase. Enolase enzyme produces water to form 

phosphoenolpyruvate (PEP) [14]. Enolase inhibited by F- ion caused a decrease in PEP production resulting 

in impaired bacterial metabolism [15]. In addition, F- ion inhibits the enzyme F-ATPase in exporting protons 

so that the state of bacterial cytoplasm is more acidic (lower pH) than the extracellular environment. This 

lower cytoplasmic pH state results in inhibited acid excretion in the cell. Disrupted bacterial metabolism and 

acid conditions in the intracellular cause disruption of bacterial cell growth and even bacterial death. F- ion 

works by disturbing the layer of lipopolysaccharide (LPS) in gram-negative bacteria which serves to maintain 

the stability of the outer membrane structure of bacteria and trigger an immune response. Compromise made 

the F- ions causes bacterial protection in the face of declining antibacterial ingredient that ultimately led to 

inhibition of bacterial growth and even death [16], [17]. This study showed that nano brown anchovy could 

inhibit both groups of bacteria at low concentrations when compared to brown anchovy that was not made 

into nano particle. Previous studies examined the antibacterial activity of brown anchovy against 

Enterococcus faecalis and proved that brown anchovy at concentrations of 18%, 24%, and 30% had 

antibacterial activity on Enterococcus faecalis.10 This comparison proves that nano brown anchovy in nano 

particle is more effective in inhibiting bacterial growth than brown anchovy that is not made into nano 

particle. The nano particle is more effective because the size of the nanoparticles is smaller, has a large surface 

area that allows it to present a large number of atoms on its surface, making it easier for nanoparticles to 

penetrate into the bacterial cell membrane [18]. 

 

The results showed different results of MIC and MBC between Lactobacillus acidophilus and 

Aggregatibacter actinomycetemcomitans. MIC and MBC on Aggregatibacter actinomycetemcomitans 

produced with higher concentrations than Lactobacillus acidophilus, this indicates that Aggregatibacter 

actinomycetemcomitans is more resistant to antibacterial agents than Lactobacillus acidophilus. 

Aggregatibacter actinomycetemcomitans has a different cell wall structure from Lactobacillus acidophilus. 

Aggregatibacter actinomycetemcomitans which is a gram-negative bacterium has an outer membrane, namely 

the periplasmic space where the cell wall is located and a layer of cytoplasmic membrane. The outer 

membrane contains lipoproteins, lipopolysaccharides, and phospholipids [19]. Any changes to the outer 

membrane of gram-negative bacteria can create resistance. Gram-positive bacteria do not have this important 

coating, which makes Gram-negative bacteria more resistant to antibiotics than Gram-positive bacteria [20]. 

In the biofilm of Gram-negative bacteria such as Aggregatibacter actinomycetemcomitans, lipid A 
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palmitoylation affects bacteria respond to antibacterial properties [21]. Lipid A palmitoylation functions to 

protect bacteria by increasing the thickness of the outer membrane [22]. 

 

5. Conclusion 

1. Nano brown anchovy (Stolephorus insularis) has antibacterial potency on Lactobacillus acidophilus 

with a minimum inhibitory concentration of 1.56% and a minimum bactericidal concentration of 3.125%. 

2. Nano brown anchovy (Stolephorus insularis) has antibacterial potency on Aggregatibacter 

actinomycetemcomitans with a minimum inhibitory concentration of 3.125% and a minimum bactericidal 

concentration of 6.25%. 

3. Aggregatibacter actinomycetemcomitans is more resistant to the antibacterial potency of nano brown 

anchovy (Stolephorus insularis) compared to Lactobacillus acidophilus. 
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