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ABSTRACT 
Background: Dental caries is rarely found in children who eat saltwater fish. Overfished fish can be used as powder 

of saltwater fish nanoparticles, which is useful as an alternative material for the prevention of dental caries in 

dentistry can be used as a powder for saltwater fish nanoparticles, which is useful as an alternative material for 

preventing dental caries in dentistry. A Cone Beam Computed Tomography (CBCT), commonly known as a μ-CT 

Scanner, is a device used to quantify the increase in tooth enamel density Purpose: This study aimed to determine the 

effectiveness of saltwater fish nanoparticle powder consumption on tooth enamel density of Mus musculus. Method 

This study used an experimental research method with a randomized posttest only control group design. The research 

subjects were 16 mice taken from 2 pregnant female mice which were divided into two groups, namely the treatment 

group with 2.17 mg / 0.5 mL of saltwater fish nanoparticle powder and the control group which was given distilled 

water. Administration was carried out during the intrauterine period until the teeth of the mice grew, then observed 

the tooth enamel density with CBCT OP 3D Pro (KaVo, Germany). The data obtained were analyzed by Levene and 

continued with the Independent T-test. Result: The average value of enamel density in mandibular incisors in the 

treatment group was greater than the control group (p <0.05). Conclusion: Saltwater fish nanoparticle powder can 

increase tooth enamel density of Mus musculus. 
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INTRODUCTION 
Dental caries is a problem in dental and oral 

health caused by the activity of microorganisms in 

fermented carbohydrates and undergoes a 

demineralization process so that can damage the hard 

tissues of the teeth, especially the enamel.
1
 The 

prevalence of tooth decay in Indonesia is quite high. 

According to the Basic Health Research (2018), it 

shows that as many as 57.6% of Indonesia's 

population experiences dental and oral health 

problems, and only 10.2% gets services from dental 

personnel.
 2

 

Dental caries is rarely found in children who 

consume saltwater fish. Based on data from the 

Jepara District Health Office in 2011, the prevalence 

of caries in elementary school-aged children in the 

coastal area of Jepara in 2010 was 46.11%, and the 

prevalence of periodontal disease was 10.43% of 

2157 elementary school students.
4 

The anatomical structure of the teeth consists of 

enamel, dentin, pulp, and cementum. Tooth enamel is 

composed of complex chemical compounds with 

97% mineral protein in the form of calcium 

hydroxyapatite with the chemical formula Ca10 

(PO4)6(OH)2. The outer part of the enamel undergoes 

a complete mineralization process and contains some 

fluoride, phosphate, and nitrogen as well as a small 

amount of carbonate and water.
3  

Saltwater fish powder, commonly known as fish 

flour, is obtained from overfishing such as sardines 
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(Sardinella Fimbriata), cobs (Euthynnus Affinis), and 

splendid ponyfish (Leiognathus Splendens) as well as 

scraps from processed fisheries in the form of scales, 

skin, bones, gills and all the internal organs of the 

fish. The use of these three types of saltwater fish, 

namely sardines, cobs fish, and splendid ponyfish, is 

caused by the excess production of these three fish, 

which will cause a large-scale accumulation of fish 

processing waste without any further use. Processed 

fish products are obtained from fish processing 

factories such as canning and frozen fish flour and 

fish oil factories. The fish flour is usually used as a 

raw material for making fish, livestock, poultry, and 

shrimp feed. Apart from using these three types of 

fish, a mixture of various types of fish that is still 

feasible can also be processed into alternative 

materials to prevent dental caries.
5 

Nanoparticles are materials that are less than 

100 nm in size and can change into new properties or 

functions.
6 

Nanoparticles are made using a ball 

milling tool. Particle characterization is expressed by 

particle size, particle morphology, and the content 

present in these particles.
7
 Nanometer-sized particles 

are expected to be easily absorbed by the intestine 

and can penetrate the placenta barrier. Several studies 

have described the role of saltwater fish consumption 

in the tooth formation process. Based on the above 

background, this research aims to observe the effect 

of the saltwater fish nanoparticle powder 

consumption on mice's tooth enamel density (Mus 

musculus). 

 

MATERIAL AND METHOD 

This study that included the use of experimental 

subjects was approved by the Ethics Committee. 

Faculty of Dentistry, Islamic University of Sultan 

Agung with certificate number 212/B.1-KEPK/SA-

FKG/VII/2020. This research was conducted 

experimentally in vivo with a post-test only control 

group design. This study used 16 young mice (Mus 

musculus) which were divided into two groups, 

namely the treatment group, which was given 

saltwater fish nanoparticle powder, and the control 

group, which was given distilled water, with each 

group of 8 mice (IBL, Faculty of Medicine Sultan 

Agung, Indonesia). The sampling technique was 

based on the inclusion and exclusion criteria. The 

inclusion criteria consisted of pregnant adult female 

mice aged 2-3 months, weighing 20-30 grams, and 

looking healthy (agile, not lethargic, clean skin 

without injury, and bright eyes). The exclusion 

criteria included mice that were sick during the 

adaptation period, mice that died before treatment, 

pregnant female mice that did not want to eat or 

drink. 

The study was initiate with the manufacture of 

saltwater fish nanoparticle powder (Faculty of 

Chemistry, UGM, Indonesia). All pregnant female 

mice were separated into two cages measuring 40×30 

cm and divided into two groups, i.e., the treatment 

group given saltwater fish nanoparticle powder at a 

dose of 2.17 mg / 0.5 mL, and the control group, 

which was given distilled water. The treatment or 

intervention was carried out from 16 days of 

gestation until 14 days after delivery. The pups were 

randomly selected on the 30
th
 day, with a total of 8 

mice from each group. The 16 young mice were 

euthanized using chloroform to cut their upper and 

lower jaws. Incisor enamel density was observed 

using CBCT OP 3D Pro (KaVo, Germany) and 

further analyzed using CT-Analyzer software 

(Bruker, Köntich, Belgium). The scan was performed 

at 89.8 kVp, with an isotropic voxel size of 350 µm. 

The density is represented in terms of a mean 

grayscale index calculated for a particular Volume of 

Interest (VOI) enclosing the enamel. 

Data analysis was performed using the 

Shaphiro-Wilk normality test and Levene's 

homogeneity test. The available data were normally 

distributed and homogeneous, so an Independent-T 

Test analysis was carried out to determine the 

differences between the two study groups. 

 
RESULTS 

After the research data was obtained, a 

statistical test was then carried out to determine the 

effect of saltwater fish nanoparticle powder 

consumption on tooth enamel density in mice (Mus 

musculus). The normality test showed a significant 

value for the saltwater fish nanoparticle powder 

group (0.265) and the control group (0.931). Each 

group obtained a significant value greater than 0.05, 

which led to a normal data distribution in each group. 

The homogeneity test obtained a significance value 

of 0.827, which means it is greater than 0.05 to 

present a homogeneous data distribution. Normality 

and homogeneity tests produced parametric data, 

namely data that were normally distributed and 

homogeneous. An Independent T-test was conducted 

to analyze the average difference between treatment 

and control groups. 
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Table 1. Grayscale Index of maxillary incisor tooth 

enamel density 

 

 

Variable 

 

n 

 

Min 

 

Max 

 

Mean 

Standard 

Deviation 

 

Sig

. 

Saltwater fish 

nanoparticle 

powder  

1 117.1
0 

124.
07 

119.82 2.55 .012 

 0  

Aqua dest 1 112.9
4 

119.
12 

116.28 1.95 .012 

 

Based on Table 1, it can be seen that the 

average value of tooth enamel density treated with 

saltwater fish nanoparticle powder was greater in the 

maxillary incisors. 

 

Table 2. Grayscale Index of mandibular incisor tooth 

enamel density 

 

 

Variable 

 

n 

 

Min 

 

Max 

 

Mean 

Standard 

Deviation 

 

Sig

. 

Saltwater fish 

nanoparticle 

powder  

1 119.9
0 

127.
16 

123.43 2.47 .012 

 0  

Aqua dest 1 119.7
1 

121.
83 

120.84 0.77 .012 

 

Based on Table 2, it can be seen that the 

average value of tooth enamel density treated with 

saltwater fish nanoparticle powder was greater in the 

mandibular incisors. The enamel density in the control 

group with distilled water was greater in the 

mandibular incisors than the maxillary incisors. 

 

Figure 1. The density of enamel using CBCT, a 

grayscale index calculated for a particular 

Volume of Interest (VOI) 

 

Data analysis results using the Independent-T 

Test obtained a significance value of 0.012, which 

means less than 0.05. It can be concluded that there 

was a significant difference in tooth enamel density 

between the treatment and control groups.  

 
DISCUSSION 

In this study, saltwater fish nanoparticle powder 

contains omega-3 fatty acids (PUFA), which are one 

of the primary nutrients for the body. Omega-3 is a 

polyunsaturated fatty acid that has two or more double 

bonds.
8
 Omega-3 can penetrate the placenta barrier. 

The content of omega-3 in the saltwater fish powder 

can increase enamel density through the apposition 

stage by forming a tissue matrix resulting from the 

deposition of ameloblasts, odontoblasts, and formative 

cells.
 
The effect of omega-3 content at the apposition 

stage is to assist the migration of proteins secreted by 

ameloblasts such as amelogenin, ameloblastin, 

enamielin, and Matrix Metalloproteinase-20. 

Amelogenin protein is a protein enamel matrix that 

plays an essential role in the amelogenesis process.
 9 

Omega-3 consists of several parts, namely ALA 

(alpha-linolenic acid), EPA (eicosapentaenoic acid), 

and DHA (docosahexaenoic acid). ALA is the simplest 

form of omega-3 fatty acids among others so that ALA 

can be reconstructed and modified by the body to 

become DHA or EPA. Docohexasonoic acid (DHA) 

and eicosapentaenoic acid (EPA) are known to reduce 

bone resorption mediators, namely prostaglandins 

(PGE2) and proinflammatory cytokines, so they are 

said to increase bone formation. The contents of EPA 

and DHA have the potential to regulate the formation 

and activity of osteoblasts and osteoclasts. EPA-DHA 

can affect osteoclasts by reducing osteoclasts 

formation during the osteoclastogenesis process, 

especially DHA, which further affects RANKL 

production induced by proinflammatory cytokines that 

cannot bind to RANK, which produces osteoclasts.
10

 

Research conducted by Indahyani (2013) on 
female rats who consumed omega-3 fatty acids during 

pregnancy and weaning showed that there had been an 

increase in plasma omega-3 fatty acids and an increase 

in the bone formation process, osteoblast 

differentiation, and a decrease in proinflammatory 
cytokine receptors such as TNF-α and IL-6.

11
 

Calcium in the saltwater fish powder can also 
increase enamel density through the calcification stage 

by increasing enamel mineralization in the stratum 

intermedium and ameloblast cells in enamel formation 

as well as deposition of calcium salts and mineral 
deposition of hydroxyapatite crystals.

12 
Calcium and 

bone mineral metabolism in Bone Mineral Density are 

closely related and integrated. Research conducted by 

Lukas et al. (2011) have proven that five-weeks old 

male Spraque-Dawley rats which consume omega-3s 
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have an increased absorption of calcium ions, 

decreased levels of Ca2+ in urine, and increased 
calcium ions in bones.

13
 

Vitamin D's content in saltwater fish powder 
functions in fetal growth through calcium metabolism, 

maintaining cell integrity, bone mineral metabolism, 

and maintaining placental function. Vitamin D has two 

active forms, namely calciferol D2 and D3. Sufficient 
levels of Vitamin D during pregnancy can also aid in 

developing skeletal muscles and adipose tissue, which 

are needed for the growth and development of the 

fetus once it is born. Vitamin D maintains levels of 

calcium and phosphorus in the blood, a mineral that 
functions in mineral ion homeostasis, myoblast 

activity, and bone formation during early growth.
14

 

In this study, the mean Grayscale value for 

enamel density was higher in the treatment group.  

This study aimed to determine the degree of 

remineralization that occurs in primary tooth enamel 

as well as build up by Rusu (2014) which proves that 

the MicroCT method can be an effective tool for 

evaluating new bone growth in mice. This method 

enables both the numerical quantification of new bone 

regeneration and a determination of the bone healing 

process. In the tooth calcification process, calcium is 

an inorganic material present in the highest 

concentration and is a major component of enamel and 

dentin formation. A factor that influences the addition 

of these ions is calcium intake during the calcification 

process.
15

 

 

REFERENCES 
1. Singh M, Ingle NA, Kaur N, Yadav P, Ingle E, C. 

Z. Dental Caries Status and Oral Hygiene 

Practices of Lock Factory Workers in Aligarh 

City. Journal of International Oral Health, 2015; 

7(6): 57. 

2. Kementerian Kesehatan Republik Indonesia. 

Laporan Hasil Utama; RISKESDAS. Jakarta: 

Balitbang Kemenkes RI. 2018. p. 101 

3. Afina N, Hidayat B, Malinda Y. Identifikasi Pola 

Enamel Gigi Menggunakan Metode Histogram of 

Oriented Gradient Dan Self Organizing Maps 

Sebagai Aplikasi Di Bidang Forensik Kedokteran 

Gigi. E-proceedings Of Engineering, 2018; 5(1): 

505–511. Available from: 

Https://Scholar.Google.Com/Scholar?Cluster=143

39785993904473146&Hl=Id&As_Sdt=0,5&Scio

dt=0,5  

4. DKK Jepara. Laporan Tahunan Kesehatan Gigi 

dan Mulut. 2011; 11-18. 

5. Amelia T. Pengolahan Ikan Bernilai Ekonomis 

Rendah Hasil Tangkapan Nelayan Padang 

Parimanan Menjadi Tepung Ikan. Tesis. 

Universitas Andalas, 2017; 2. Available from: 

Http://Scholar.Unand.Ac.Id/22356/  

6. Muttaqin J. Pembuatan Nanozeolit Alam Phae 

Menggunakan Alat Planetary Ball Milling. Jurnal 

Einstein, 2015; 3(2): 45–50. Available from: 

https://jurnal.unimed.ac.id/2012/index.php/einsten

/article/view/5459 

7. Susilo B. Kajian produksi nanopartikel dari arang 

bambu tutul menggunakan high energy milling 

model shaker mill. Universitas Muhammadiyah 

Surakarta. 2018; p. 7-9. 

8. Panagan, A. T, Yohandini, H, Gultom, J. U. 

Analisis Kualitatif dan Kuantitatif Asam Lemak 

Tak Jenuh Omega-3 dari Minyak Ikan Patin 

(Pangasius pangasius) dengan Metoda 

Kromatografi Gas. Jurnal Penelitian Sains, 2011; 

p. 21–26. 

9. Mcdonald, R. E., Avery, D. R., & Dean, J. A. 

Dentistry for The Child and Adolescent. 2011; 

p.50-56 

10. Ayu K.V. Pemberian Minyak Biji Rami (Linum 

Usitatissimum) Per Oral Meningkatkan Jumlah 

Osteoblas Dan Kepadatan Tulang Pada Tikus 

Putih Jantan (Rattus Norvegicus) Galur Sprague 

Dawley Dengan Periodontitis. Thesis(M.Sc). 

Universitas Udayana Denpasar 2014; p.51 

Available from: Https://Adoc.Pub/Pemberian-

Minyak-Biji-Rami.Html 

11. Indahyani, D. E. Analisis Maturasi Gigi pada 

Tikus yang Mengkonsumsi Minyak Ikan Lemuru 

(Sardinella Longiceps) pada Masa Amelogenesis. 

E-Journal, 2013; 1(1) :249–257. Available

 from: 

https://jurnal.unej.ac.id/index.php/JPK/article/vie

w/1480 

12. Wahluyo, S. Peran Kalsium Sebagai Prevensi 

Terjadinya Hipoplasia Enamel (The Role of 

Calcium on Enamel Hypoplasia Prevention). 

Dent. J. (Maj. Ked. Gigi), 2013; 46(3) :113–118. 

13. Lukas R, Gigliotti JC, Smith BJ, Altman S, T. J. 

Consumption of Different Sources of Omega-3 

Polyunsaturated Fatty Acids by Growing Female 

Rats Affects Long Bone Mass and 

Microarchitecture. Bone., 2011; 49(3): 455–462. 

Available from: 

https://europepmc.org/article/med/21672645 

14. Roth DE, Leung M,Mesfin E, Qamar H, 

Watterworth J, P.E. Vitamin D supplementation 

during pregnancy: state of the evidence from a 

systematic review of randomised trials. BMJ, 

2017; 359: 1–13 

15. Rusu L-C., Manescu A., Negrutiu ML., et al. The 

MICRO CT evaluation of different types of 

matrices in rat bone augumentation. Key Eng 

Mater.2014;587:338-342. doi: 



5  Dentino (Jur. Ked. Gigi), Vol VI. No 1. Maret 2021 : 1 - 5  

10.4028/www.scientific.net/KEM.587.338. 

16. Christiono, S., Manashika, A., Wardhana, E.S. 

The Effectiveness of Omega-3 Mackerel Fish Oil 

on The Density of Tooth Enamel In Vivo Study of 

White Rat (Rattus Novergicus).2019. Dentino 

Jurnal Kedokteran Gigi. September 2019, 4 (2): 

214–217.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


