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Abstract
Background. The application of  natural products in dentistry has been widely explored. Anchovy 
(Stolephorus in Latin) has been examined for its bioactive content (calcium, phosphorus and fluoride) as 
an agent for bone stimulation and tooth development, topical fluoridation and pulp capping. Ball milling 
has been used to prepare calcium oxide nanoparticles from snakehead fish bone.

Objectives. The aim of the study was to reduce the particle size of Stolephorus sp. powder to the nanoscale 
using high-energy ball milling for 8, 12 and 24 h, and to analyze the optimal milling time by comparing 
the powder characteristics. 

Material and methods. The Stolephorus sp. were oven-dried at 50°C for 6 h, after which the entire fish 
were crushed into powder. The fish powder was produced by blending the material for 5 min and passing 
it through a 200-mesh sieve. The remaining dried fish was blended again for 5 min until it passed through 
the sieve. The top-down approach to the particle size reduction was performed using high-energy milling 
at 3 distinct time points (8, 12 and 24 h). The characteristics of the powder were evaluated using a particle 
size analyzer, a Fourier-transform infrared spectrometer (FTIR) and scanning electron microscopy–energy 
dispersive spectroscopy (SEM-EDS).

Results. The Stolephorus sp. powder contained 64.50% protein, 7,420 mg/kg sodium, 28,912 mg/kg cal-
cium, and 1,924 mg/kg magnesium. The high-energy milling process resulted in a reduction of the particle 
size from the microscale to the nanoscale. The analysis of the average particle size and polydispersity index 
indicated that 24 h of milling showed the most optimal results. Furthermore, the functional groups exhib-
ited no significant alteration at 3 milling times (p ≥ 0.05, FTIR analysis).

Conclusions. The high-energy milling method has the potential to reduce the particle size 
of Stolephorus sp. powder to the nanoscale at the 8- and 24-h milling periods. The powder resulting from 
the 24-h milling process had a size of 789.3 ±170.7 nm, smooth size distribution, good size uniformity, 
a polydispersity index of 0.763, no significant change in organic and inorganic compound content, and 
a calcium/phosphorus ratio that was the closest to that of hydroxyapatite (HAp).

Keywords: nanoparticle, high-energy ball milling, good health and well-being, particle size reduction, 
Stolephorus sp.
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Introduction
The development of new drugs is a long process, espe­

cially for those derived from natural products. However, 
natural products and traditional medicine have advan­
tages in terms of diversity of chemical structures, biologi­
cal activities and clinical experience.1 The use of natural 
products has been widely explored in the field of dentistry. 
Anchovy (Stolephorus in Latin) has been studied for its 
bioactive content (calcium, phosphorus and fluoride) as 
an  agent for bone stimulation and tooth development, 
topical fluoridation, and pulp capping.2 Stolephorus sp. is 
classified within the order Clupeiformes, the Engraulidae 
family. It is a small pelagic fish, categorized as a renewable 
resource, with a maximum length of 40–145 mm. It has 
thin, quickly shedding scales and a silvery lateral line be­
tween its chest fin and tummy fin.3 Stolephorus sp. can be 
used by extraction or as a pure powder (simplicia).2 The 
Stolephorus sp. extract has superior activity compared to 
the pure powder in many compounds, whereas the pure 
powder has advantages in the number and complexity 
of bioactive compounds that work together.

Stolephorus  sp. has been examined for its ability to 
increase hemoglobin levels in adolescent anemia.4 The 
calcium and amino acid content of  Stolephorus  sp. is 
believed to play a role in the repair of cells and could ben­
efit the field of dentistry. Calcium is also present in other 
foods, such as milk, bone soup, green vegetables, beans, 
tofu, and tempeh. Unfortunately, the content of  fiber, 
phytic acid and oxalic acid in other food products inhibits 
the absorption of calcium. In addition, the lactose content 
of milk limits its consumption, particularly among indi­
viduals with lactose intolerance.5 

It has been reported that Stolephorus sp. increases the 
proliferation of odontoblasts.6 Another study mentioned 
its protein/amino acid benefits in bone function modula­
tion.7 Studies on the application of Stolephorus sp. cream 
to dental pulp perforation have demonstrated that the 
bioactive compound of Stolephorus sp. escalated the for­
mation of reparative dentin compared to calcium hydrox­
ide application.8 Although, calcium hydroxide has been 
the gold standard for vital dental pulp perforation for 
decades. These findings indicate the potential for a new 
drug candidate for reparative dentin induction.

This study was considered necessary due to the 
increased success of vital pulp therapy using natural mate­
rials of  nanosize to increase their effectiveness. The use 
of  calcium hydroxide as the gold standard for vital pulp 
therapy is associated with the disadvantage of  reparative 
dentin, which results in tunnel defects that lead to micro­
leakage and can cause permanent pulp inflammation.4,5 
Previous studies have shown the potential of Stolephorus sp. 
powder to stimulate the growth of odontoblasts and pro­
duce reparative dentin, exhibiting superior efficacy com­
pared to calcium hydroxide.6,8 Our study aims to evaluate 
the technique for obtaining the nanosized Stolephorus sp. 

powder using high-energy milling. The results obtained 
at 8-, 12- and 24-h were compared according to the test 
characteristics.

Ball milling has been used to prepare calcium oxide 
nanoparticles from snakehead fish bone.9 Previous stud­
ies have employed a  chemical refining process, followed 
by calcination using a  furnace and a ball milling process. 
In this study, ball milling was conducted on the whole fish 
powder that had been dried and blended without the appli­
cation of any chemical processes. The duration of the mill­
ing process was modified to obtain nanoparticles.

Given the impact of nanoscale particles on the efficacy 
of Stolephorus sp., a reduction in the particle size could 
enhance the activity of  Stolephorus  sp. pure powder on 
cell targets.10 Nanoparticles are obtained through a top-
down approach using high-energy milling. The aim of the 
study is to reduce the particle size of Stolephorus sp. pow­
der to a  nanoscale using high-energy ball milling for 8, 
12 and 24 h, and to analyze the optimal milling time by 
comparing the powder characteristics.

Material and methods

Research design 

The anchovies used in the experiment were obtained 
from the fish market in Muara Karang, Jakarta, Indonesia, 
and identified as Stolephorus sp. by the Indonesian Institute 
of  Sciences, Jakarta, Indonesia (ID No. 29825). The fish 
were oven-dried at 50°C for 6 h,6 ground into a  fine 
powder using a blender and sieved.8 The protein, mineral 
and amino acid content was  analyzed at PT Saraswanti 
Indo Genetech Laboratory (Bogor, Indonesia). Milling was 
conducted at the Indonesian Institute of Sciences, Physics 
Research Center, followed by the particle size analysis 
(PSA) at PT Cipta Mikro Material (Bogor, Indonesia). 
Fourier-transform infrared spectrometer (FTIR) and 
scanning electron microscopy (SEM) analyses were per­
formed at the Forensic Laboratory Center of  Indonesian 
National Police in Jakarta, Indonesia.

The analysis was conducted using liquid chromatography–
mass spectrometry (LC-MS) (Shimadzu Corporation, 
Kyoto, Japan), ultra-performance liquid chromatography 
(UPLC) (ACQUITY Premier System; Waters Corporation, 
Milford, USA) and high-performance liquid chroma­
tography (HPLC) (Waters Corporation). The eluent for 
LC-MS consisted of solution A (100 mM ammonium for­
mate in water) and solution B (acetonitrile:water:formic 
acid, v:v:v = 95:5:0.3). The eluent for HPLC was ethane­
thiol. The retention times are presented in Table 1.

Sample preparation 

The LC-MS, UPLC and HPLC analyses required the 
sample to be hydrolyzed with 6N HCl 200 μL and 40 μL 



Dent Med Probl. 2024;61(4):585–592 587

phenol, and dried in the oven at 112–116°C for 20–24 h. 
The excess HCl was wiped off and the tubes were sub­
jected to vacuum drying. Subsequently, the derivatiza­
tion of amino acids was conducted using an AccQ-Fluor 
Reagent Kit (Waters Corporation), followed by the sepa­
ration of  amino acids. Atomic absorption spectropho­
tometry (AAS) required the sample to be diluted with 
HCl and directly injected into the atomic absorption 
spectrophotometer.

Protein, mineral and amino acid content 
analysis

The protein, mineral and amino acid content was ana­
lyzed. The total protein content of the sample was deter­
mined using a semi-automated device (behrotest® Steam 
Distiller type S2; behr Labor-Technik GmbH, Düsseldorf, 
Germany) that operates based on the Kjeldahl method.11 
The automatic addition of  NaOH and H2O enables the 
steam distiller to identify the nitrogen content. The atomic 
absorption spectrophotometer (AA-6800; Shimadzu 
Corporation) was used to evaluate the mineral composition 
of the sample. This flame photometry tool determines the 
concentration of  specific metals. The  amino acid profile 
was analyzed using a  mass spectrometer (ACQUITY 
Premier System; Waters Corporation).

Particle size analysis 

A top-down approach to reduce the particle size was 
performed in a  manner similar to that described in the 
referenced study, with a modification in the milling time.9 
The Stolephorus sp. powder was subjected to high-energy 
milling for 8, 12 and 24 h, respectively. Zirconia balls were 
used, with a weight ratio of 1:5 between the powder and 
the balls. The rotational speed in the dry grinding mode 
was set at 100 rpm. Before and after milling, the particle 
size of Stolephorus sp. powder was measured using a par­
ticle size analyzer (Delsa™ Nano C; Beckman Coulter, 
Fullerton, USA). The dynamic light-scattering instrument 
required sample dilution, and fluctuations in scattered 
laser light, resulting from Brownian motion, were inter­
preted as the particle size.12

Fourier-transform infrared spectrometry 

The functional groups were identified using a  FTIR 
(Alpha II; Bruker, Billerica, USA). The examination was 
performed on pellet samples of potassium bromide (KBr) 
(99.99%) mixed with the Stolephorus  sp. powder. The 
FTIR spectrum was collected at a resolution of 4 cm−1 in 
the transmission mode (400–4,000 cm−1).

Scanning electron microscopy–energy 
dispersive spectroscopy 

Scanning electron microscopy–energy dispersive spec­
troscopy (SEM-EDS) (FlexSEM 1000; Hitachi Ltd., Tokyo, 
Japan) was used to determine the elemental composi­
tion of  the material. For this examination, the samples 
were coated with gold. The tool was set at 10.00 kV, with 
a working distance of 9.8 mm and a pressure of 80.00 Pa.

Statistical analysis 

One-way analysis of  variance (ANOVA) was used to 
examine the calcium/phosphorus (Ca/P) ratio between 
different milling time groups. The data was obtained from 
3 repetition tests and is presented as mean ± standard devi­
ation (M ±SD). The analysis was performed using the IBM 
SPSS Statistics for Windows software, v. 25.0 (IBM Corp., 
Armonk, USA). The level of significance was set at p < 0.05.

Results
The average particle size of Stolephorus sp. powder af­

ter blending and sieving was 17.41 ±1.80 μm. The protein 
content was 64.5%, and the mineral evaluation identi­
fied the presence of  sodium, calcium and magnesium 
at concentrations of  7,420 mg/kg, 28,912 mg/kg and 
1,924 mg/kg, respectively. The amino acid content 
of Stolephorus sp. powder is shown in Table 1.

Table 1. Amino acid content of Stolephorus sp. powder

Parameter Value  
[mg/kg]

Retention 
time  
[min]

Method

L-cysteine 9,596.42 4.17–4.87 18-12-38/MU/SMMSIG (LC-MS)

L-methionine 7,232.12 3.50–4.20 18-12-38/MU/SMMSIG (LC-MS)

L-serine 32,648.37 5.95–6.65 18-5-17/MU/SMM-SIG (UPLC)

L-glutamic acid 64,598.39 5.31–6.01 18-5-17/MU/SMM-SIG (UPLC)

L-phenylalanine 3,6112.3 2.83–3.53 18-5-17/MU/SMM-SIG (UPLC)

L-isoleucine 28,542.91 3.32–4.02 18-5-17/MU/SMM-SIG (UPLC)

L-valine 33,534.56 3.86–4.56 18-5-17/MU/SMM-SIG (UPLC)

L-alanine 33,978.35 5.19–5.89 18-5-17/MU/SMM-SIG (UPLC)

L-arginine 45,869.46 9.24–9.94 18-5-17/MU/SMM-SIG (UPLC)

Glycine 41,542.57 5.72–6.42 18-5-17/MU/SMM-SIG (UPLC)

L-lysine 40,155.18 8.49–9.19 18-5-17/MU/SMM-SIG (UPLC)

L-aspartic acid 39,802.95 5.60–6.30 18-5-17/MU/SMM-SIG (UPLC)

L-leucine 52,350.32 3.09–3.79 18-5-17/MU/SMM-SIG (UPLC)

L-tyrosine 26,236.71 3.79–4.49 18-5-17/MU/SMM-SIG (UPLC)

L-proline 24,326.38 3.57–4.27 18-5-17/MU/SMM-SIG (UPLC)

L-threonine 34,417.33 5.24–5.94 18-5-17/MU/SMM-SIG (UPLC)

L-histidine 20,571.09 8.42–9.12 18-5-17/MU/SMM-SIG (UPLC)

L-tryptophan 4,899.71 2.97–3.67 18-5-63/MU/SMM-SIG (HPLC)

LC-MS – liquid chromatography–mass spectrometry; UPLC – ultra-performance 
liquid chromatography; HPLC – high-performance liquid chromatography. 
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Three Stolephorus  sp. powders produced at various 
milling times demonstrated significantly different colors 
and degrees of smoothness (Fig. 1).

The test was followed by particle size measurement. 
The conversion of  particle size from 17.41 ±1.8 μm to 
463.3 ±105.7 nm (8-h milling), 1,365.4 ±161.3 nm (12-h 
milling) and 789.3 ±170.7 nm (24-h milling) was observed. 
The complete results, including the mean particle size, SD 
and polydispersity index are presented in Table 2.

The smallest mean particle size was observed in the 
8-h milling sample, but the lowest polydispersity index 
was noted in the 12-h sample. The 24-h milling sample 
showed a particle size of 789.3 ±170.7 nm, with a polydis­
persity index of nearly 0.7 (0.763), thereby indicating the 
suitability of the measurement technique.

The organic and inorganic compounds present in the 
samples were identified through the use of  the FTIR. 
The FTIR graphs (Fig.  2) indicated that the 3 samples 
produced at different milling times created a similar pat­
tern. In addition, the graphs recorded more than 5 peaks 
of  transmittance, which were identified as functional 
group compounds (Table 3).

The SEM-EDS was performed to describe the elemen­
tal content of  the samples. The results of  the SEM-EDS 
analysis are presented in Fig. 3 and Table 4.

The SEM-EDS showed the presence of  significant and 
minor elements in the samples. Carbon, nitrogen and 
oxygen dominated the results, followed by calcium and 
phosphorus. The Ca/P ratio is a  useful indicator of  the 
presence of hydroxyapatite (HAp). The HAp reference stoi­
chiometry was 1.67. The 24-h milling sample exhibited the 
Ca/P ratio most closely aligned with the reference value. 
However, one-way ANOVA showed no statistically signifi­
cant difference between the groups (p ≥ 0.05).

The SEM-EDS images (Fig. 4) were captured with a mag­
nification range between 40 μm and 200 μm. The images 
facilitate the evaluation of particle distribution patterns and 
particle shapes. The scanning images of the Stolephorus sp. 

powder at 3 milling times showed that the milling time af­
fected the particle distribution pattern. An extended mill­
ing time resulted in smoother particle distribution. More­
over, the images demonstrate that milling resulted in the 
formation of amorphous particles with a bumpy interface.

The changes in protein and mineral composition result­
ing from the milling process are shown in Table 5.

Fig. 3. Elemental spectrum of Stolephorus sp. powder at 3 milling times

A. 8 h; B. 12 h; C. 24 h. 

Table 2. Particle size of Stolephorus sp. powder at 3 milling times

Milling time Particle size [nm] 
M ±SD Polydispersity index

8 h 463.3 ±105.7 1.245

12 h 1,365.4 ±161.3 0.394

24 h 789.3 ±170.7 0.763

M – mean; SD – standard deviation.

Fig. 2. Fourier-transform infrared spectrometer (FTIR) transmittance graphs 
of Stolephorus sp. powder at 3 milling times

A. 8 h; B. 12 h; C. 24 h.

Fig. 1. Stolephorus sp. powders obtained at 3 milling times 

A. Smooth powder with a dark color (8 h); B. More smooth powder with 
a darker color (12 h); C. Most smooth powder with the lightest color (12 h).
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Discussion
The examination identified 18 amino acids and demon­

strated high protein and mineral scores (Table  1). The 
results surpassed the findings of the previous study13 due 
to a different sample preparation method. The previous 
study used fresh fish as a sample, whereas this study used 
the dried fish powder. This type of  research has never 
been published before, as previous research has focused 
on the reduction of the size of fish bones, not the entire 
fish. In addition, this study used a  different type of  fish 
(snakehead) and employed calcination in a furnace prior 
to ball milling.9 The previous study achieved a  reduc­
tion in size to 38.9445  nm.9 However, this technique is 
unsuitable for use with whole fish, because the protein is 
damaged by the calcination process. In this research, the 
FTIR test revealed the presence of proteins and organic 
compounds across the 8-, 12- and 24-h milling results, 
indicating no significant difference in pattern.

The amino acid content of  the samples is beneficial 
for cell maintenance and repair, which is crucial for den­
tal pulp tissue. Dental pulp tissue is surrounded by hard 
tissue, making it more susceptible to cell death when 
injured.14 Studies on the roles of amino acids in cells are 
widespread in the medical field, but they are less prevalent 
in dentistry. Previous studies have demonstrated the 
importance of amino acids, such as valine, in the prolifera­
tion and maintenance of hematopoietic stem cells (HSCs). 
Human HSCs are unable to proliferate in valine-depleted 
conditions.15 Another study described threonine as a nu­
tritional modulator that influences the immune system via 
the mitogen-activated protein kinase and the target of the 
rapamycin signal pathway.16 Methionine functions as a re­
active oxygen species scavenger and a crucial player in the 
oxidative stress response.17 Aspartate reduces doxorubicin 
toxicity in Streptomyces cerevisiae by providing carbon to 
the tricarboxylic acid cycle, and the addition of aspartate 
increases cell survival by promoting mitochondrial activ­
ity. The same effect can be achieved by the addition of 
asparagine, glutamate, glutamine, alanine, serine, lysine, 
and methionine.18 Based on these studies, it can be stated 
that the Stolephorus sp. powder, a  source of protein and 
amino acids, has great potential to promote cell repair.

Table 3. Fourier-transform infrared spectrometer (FTIR) transmittance 
peaks of Stolephorus sp. powder at 3 milling times

Functional 
group

Wavenumber 
[cm−1]

8 h 12 h 24 h

O–H 3,884.58 3,869.15 3,868.67

O–H 3,469.9 3,304.08 3,474.76

O–H 3,304.08 – –

N–H 3,065.90 3,067.36 3,065.90

CH2 2,925.12 2,924.12 2,923.67

CH2 2,853.28 – –

O–H 2,513.86 – –

C≡C 2,108.87 2,094.40 2,110.79

C=O 1,652.28 1,656.4 1,656.62

N–H and C–N 1,543.80 1,546.21 1,547.66

CH3 and CH2 1,401.09 1,401.09 1,401.7

C–N and N–H 1,241.98 1,240.05 1,242.57

P–O 1,032.74 1,033.22 1,033.70

PO4
3− 561.21 562.65 559.76

Table 4. Elemental analysis of Stolephorus sp. powder at 3 milling times

Element
Weight [%]

8 h  
M ±SD

12 h  
M ±SD

24 h 
M ±SD

C 0.90 ±0.19 1.22 ±0.08 0.81 ±0.04

N 1.35 ±0.01 1.53 ±0.01 0.89 ±0.17

O 0.54 ±0.10 0.59 ±0.18 0.37 ±0.11

Na 0.16 ±0.09 0.17 ±0.08 0.13 ±0.09

Mg 0.06 ±0.01 0.07 ±0.01 0.05 ±0.01

Al 0.07 ±0.01 0.10 ±0.02 0.07 ±0.02

P 0.12 ±0.02 0.13 ±0.04 0.09 ±0.03

S 0.09 ±0.01 0.10 ±0.02 0.07 ±0.02

Cl 0.23 ±0.12 0.33 ±0.23 0.20 ±0.14

K 0.12 ±0.01 0.14 ±0.03 0.09 ±0.02

Ca 0.20 ±0.03 0.23 ±0.06 0.15 ±0.05

Ca/P ratio 1.68 ±0.09 1.82 ±0.16 1.72 ±0.05

Table 5. Comparison of protein and mineral composition of Stolephorus sp. 
powder before and after milling

Substance Initial 
(microscale) 8 h 12 h 24 h

Protein  
[%]

64.50 61.31 59.72 54.11

Sodium  
[mg/kg]

7,420 7,382 7,115 6,956

Calcium  
[mg/kg]

28,912 28,876 28,751 27,318

Magnesium  
[mg/kg]

1,924 1,918 1,877 1,843

Fig. 4. Scanning electron microscopy–energy dispersive spectroscopy 
(SEM-EDS) images of Stolephorus sp. powder at 3 milling times

A. 8 h (×200 magnification); B. 12 h (×200 magnification); C. 24 h 
(×200 magnification); D. 8 h (×1,000 magnification); E. 12 h (×1,000 
magnification); F. 24 h (×1,000 magnification). 
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Calcium ions were detected at a high level in the sam­
ple. These ions are established as second messengers in 
many cellular activities, whereby they regulate intracellu­
lar signals. A previous study demonstrated that calcium 
is beneficial in cell recruitment and regeneration.19 These 
ions upregulate the expression of  multiple cytokines in 
progenitor cells and have an influence on the extracellular 
signal of  the calcium-sensing receptor. Receptor activa­
tion affects the chemotactic response of  mesenchymal 
stem cells (MSCs) to calcium.19 Calcium escalation has 
also been reported to cause cell proliferation and enhance 
the expression of osteopontin, inducing matrix mineral­
ization of MSCs.20 According to these findings, it can be 
posited that the Stolephorus sp. powder, as a natural cal­
cium source, may promote bone and dentin regeneration.

These findings elucidate the results of  various stud­
ies on Stolephorus sp. The daily intake of Stolephorus sp. 
has been demonstrated to increase the number of osteo­
cytes and the mandibular alveolar bone density in Wistar 
rats.5 Another study has shown that the application 
of  Stolephorus  sp. extract on dental pulp perforation 
increased the number of odontoblasts. Odontoblasts are 
responsible for the formation of dentin.6

The delivery of active pharmaceutical ingredients (APIs) 
is an  important area of  research. Particle size reduction 
has an impact on accelerating this process. Particle 
size reduction treatment increases the surface area, 
as well as the solubility and bioavailability of  APIs.21,22 
Nanoscale particles are attained by a top-down or bottom-
up approach.23,24 The nanoscale range is 1–1,000  nm,25 
although some experts restrict it to <100 nm.

This study employed the top-down approach us­
ing high-energy ball milling. High-energy ball milling is 
a  technique in which a  powdered sample and grinding 
balls are placed in a  container and subjected to a  rota­
tional motion. Two categories were identified within the 
process: mechanical alloying (MA); and mechanical dis­
ordering (MD). In MA, the elements of  the powder are 
fractured and rewelded within a high-energy ball mill. In 
MD, the crystalline structure undergoes a  transition to 
an amorphous state without altering its elemental compo­
sition.26 Zirconia grinding balls were chosen due to their 
high density, hardness and toughness.

The results of  this experiment demonstrated that 
the ball-milling process reduced the particle size 
of  Stolephorus  sp. powder from the microscale to the 
nanoscale. The duration of milling has an impact on the 
particle size and the polydispersity index. Although the 
PSA results indicated that 8 h of milling resulted in the 
smallest particle dimensions (463.3 ±105.7 nm), the SEM 
image of  the powder milled for 8 h showed the rough­
est size distribution of particles. The 24-h milling powder 
occupied the second place (789.3 ±170.7 nm) and dis­
played the most uniform size distribution of particles in 
the SEM image. In addition to the average particle size, 
the PSA showed the polydispersity index of the samples. 

The polydispersity index ranges between 0.0 (monodis­
perse particle size) and 1.0 (multidisperse particle size).27 
The measurement of the 12-h milling powder showed the 
most significant particles among the remaining samples 
(1,365.4 nm), yet exhibited the lowest polydispersity in­
dex. The PSA tools used in the study operated based on 
the dynamic light scattering technique. A polydispersity 
index exceeding 0.7 indicates a  broad size distribution 
of the sample.28

The SEM images showed that the particle size reduction 
process induced agglomeration (Fig.  4). Agglomeration 
can be attributed to the adhesion of particles due to the 
presence of weak forces, which ultimately results in the 
formation of a cluster of particles. Previous studies that 
used dry milling also documented this phenomenon.29,30 
Agglomeration obscured the PSA results. Thus, the find­
ings should be confirmed by another method.31

The EDS analysis identified the presence of major ele­
ments (carbon, oxygen and nitrogen), known as protein 
composers.32 This finding is also corroborated by the FTIR 
results, which revealed the presence of hydroxyl, N–H and 
CH2 functional groups within the same spectral range as 
those reported in the previous studies.33,34 Moreover, the 
other functional groups (CH3, C–N and N–H), known as 
protein composers, were detected in areas that have been 
previously confirmed by other studies.35,36

The EDS examination revealed the presence of calcium 
and phosphorus, which originated from the scales and 
bones of  Stolephorus  sp.37,38 The FTIR results showed 
asymmetrical stretching and P–O bands, which aligned 
with the findings of  the previous studies.33–35 The Ca/P 
ratios obtained from the elemental examination were 
compared to the HAp stoichiometry (1.67). According 
to multiple comparisons in the statistical analysis using 
one-way ANOVA, 24-h milling powder was found to be 
almost stoichiometric in nature. However, no significant 
difference was observed between the 3 groups. Hydroxy­
apatite is used in bone and dentin regeneration studies 
due to its chemical similarities with natural bones.39,40 
The compound facilitates osteoinduction, osteoconduc­
tion, osseointegration, remineralization, and dental pulp 
repair.41–43

The FTIR results for the Stolephorus sp. powder at dif­
ferent milling times showed an  insignificant difference 
in transmittance and wavenumber. Therefore, the mill­
ing time did not influence the alteration of the functional 
group compounds. The peaks observed in the wavenum­
bers of  8-, 12- and 24-h milling samples, as illustrated 
in the wavenumber area of  3,869.15–3,304.08  cm−1, 
indicate the presence of functional groups of O–H com­
pounds, and are indicative of  the presence of  hydroxyl 
functional groups in fish protein. On the other hand, the 
wavenumbers of  3,065.90  cm−1 and 3,067.36  cm−1 show 
the vibration of  the N–H compound group. Further­
more, the wavenumber area between 2,925.12  cm−1 and 
2,853.28 cm−1 represents the functional group of the CH2 
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compound. The wavenumber area between 2,110.79 cm−1 

and 2,108.87  cm−1 indicates the stretching of  the func­
tional groups of  the C≡C compounds. With regard to 
the wavenumber areas of  1,656.62  cm−1, 1,656.14  cm−1 

and 1,652.28  cm−1, they show sharp and prominent 
peaks, representing the functional groups of  the C=O 
compounds derived from fish protein. Previous stud­
ies have also revealed that the FTIR spectrum of  pro­
tein present in fish exhibits peaks at 3,304–3,315  cm−1, 
2,922–2,940  cm−1, 1,600–1,700  cm−1, 1,550–1,600  cm−1, 
and 1,220–1,320 cm−1.33,34 The results of this study are con­
sistent with the results of the synthesis that has been carried 
out.33,34 Furthermore, the area of 1,401.57–1,401.09 cm−1 
represents the functional groups (CH3 and CH2) that con­
stitute proteins.36 The wavenumbers of  1,242.57  cm−1, 
1,240.05  cm−1 and 1,241.98  cm−1 show the protein’s 
functional groups of  C–N and N–H constituents.35 The 
3 powders also showed strong absorption peaks at approx. 
1,032.74  cm−1, 1,033.22  cm−1 and 1,033.70  cm−1, which 
were marked by the asymmetric stretching of  the phos­
phate group (P–O).35 The more visible peaks or bands at 
561.21 cm−1, 562.65 cm−1 and 559.76 cm−1 correspond to 
PO4

3− residues from fish samples.33,42

Although the milling process can change the protein 
and mineral content, its influence was not significant in 
this study (Table 5). The high-energy milling process gen­
erates heat, which can alter the material’s physicochemical 
properties. They can be influenced by speed, milling time, 
moisture content, pre-treatment process, type of ball mill 
pot, ball size, proportion of  pot filling, and other fac­
tors.44,45 Therefore, to minimize the reduction in protein 
content, the milling procedure was performed with a pot 
volume of 55%, at a low speed and with a large ball size. 
According to previous studies, this process can decrease 
the size of protein particles, reduce the temperature rise 
and maintain the physicochemical properties of the prod­
uct.44–47 Thus, in our study, there was a decrease in the 
protein and mineral content from baseline to the longest 
grinding time. However, the observed difference was not 
significant. This finding is consistent with the results 
of previous research.46,47

Conclusions
The findings of this study lay the foundation for future 

research using Stolephorus  sp. as an  inducer of  dental 
pulp cell repair. Further research will continue to develop 
vital pulp therapy using nanosized materials derived 
from Stolephorus sp. In addition, in vivo tests will be con­
ducted to evaluate the formation and quality of repara­
tive dentin induced in pulp perforation. The high mineral 
and protein content can be maintained throughout the 
particle size reduction process. A reduction in the par­
ticle size enhances bioavailability and accelerates the 
recuperation time.
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