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Abstract
The adequacy of calcium from food consumption is difficult to meet because of its low absorption rate. One of the ways to 
increase calcium absorption is to increase its solubility by decreasing its particle size to the nanometer scale. Nanoparticles 
have better performance due to their increased surface area-to-volume ratio. This study aimed to determine the effect of the 
particle size of fish bones on calcium absorption rate. The catfish bone flour was made by two methods with the same stages, 
but they differed in the use of tools (the machine method and the traditional method). The particle size analysis of the flour 
showed that the machine method was in the nanometer range. The nutritional content of the machine-milled flour was rich 
in protein and lipids, while the flour produced by the traditional method was rich in calcium, phosphorus, and carbohydrates. 
Based on the results of the absorption test, both catfish bone flours were proven to be able to gradually increase calcium levels 
to their peak at 2 h post-administration. In sum, bone flour with nanoparticle sizes produced by the machine was able to 
maximize the calcium absorption rate in rats. 

Keywords: calcium absorption; fishbone; nanoparticle size; nutritional value.

Practical Application: This study will help to develop food waste (catfish bone) in nano-size to provide and enhance calcium 
absorption.

The influence of particle size on the absorption  
rate of catfish (Clarias gariepinus) bone calcium
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1. Introduction
An alternative to preventing osteoporosis is taking calcium 

supplements (Lee et al., 2017). Calcium is an essential mineral 
that has an important function in bone formation. Sources of 
calcium are widely associated with dairy and processed prod-
ucts such as yogurt and cheese. Milk and yogurt contain ap-
proximately 100–180 mg/100 g, while cheese provides 1 g of 
calcium/100 g (Ross et al., 2011). Nuts and seeds are also rich 
sources of calcium, especially almonds, sesame, and chia, which 
contain between 250 and 600 mg/100 g. Calcium-rich vegetables 
include kangkong (water spinach), broccoli, and watercress, 
which provide between 100 and 150 mg/100 g (U.S. Department 
of Agriculture, 2019). However, the adequacy of total calcium 
intake depends on the food consumption patterns of individuals.

Supplements are also a source of calcium, which is wide-
ly distributed in the community. The amount of calcium in 
a supplement is 1,000 mg per tablet, which is formulated to 
meet the calcium needs of adults. However, the use of calcium 
supplements is quite varied. A systematic review study report-
ed that in the United States and Canada, about 40% of the 
adult population and 70% of older women consume calcium 

supplements (Cormick & Belizán, 2019). Whereas in Argentina 
and the Netherlands, only a small proportion of pregnant wom-
en take calcium supplements (Cormick et al., 2014). Calcium is 
generally consumed in the form of microcalcium. Because the 
absorption of calcium from food is only 50%, it often causes 
deficiency (Ranjan et al., 2019). Calcium absorption depends on 
the food consumed; several types of food can affect the degree 
of absorption or excretion of calcium (Guéguen & Pointillart, 
2000). Some food sources can reduce the absorption of calcium 
such as asoxalic acid in spinach, sweet potatoes, and beans or 
phytic acid in high-fiber foods rich in whole grains and seeds. 
There are also food sources that increase calcium absorption, 
such as lactose and certain peptides that are formed during 
the digestion of milk (Cámara-Martos & Amaro-López, 2002).

Much smaller calcium reduction technology is current-
ly being developed to increase the absorption of calcium in 
the body (Mosaddegh & Hassankhani, 2014). The synthesis of 
nanoparticles has attracted more attention because they have 
better performance due to their increased surface area and 
calcium absorption rate. Nanocalcium, which has a very small 
size (10–9 m), can increase its solubility in the gastrointestinal 
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tract, which further accelerates the absorption process into the 
circulatory system (Ranjan et al., 2019).

The source of calcium that is generally consumed by the 
community is milk, even though there are other sources that 
have not been explored further, such as fish, one of which is 
catfish. Catfish is a freshwater fish commodity that is widely 
known in society, and the use of fish bones and catfish heads 
becomes the main source of waste that has not been given 
much attention. The fish production process generally produces 
15%–30% of fish bone waste with a mineral content of 60%–
70%. Fish bones are proven to be a source of halal gelatin and 
potentially becoming the source of other minerals such as cal-
cium (Herpandi & Adzitey, 2011). The content of calcium and 
phosphorus in fish bones is classified as very high (20%–25%) 
of the fish’s body weight, so fish bones can be an alternative 
food ingredient as a natural source of calcium to meet the daily 
calcium needs (Bechtel et al., 2019). In several studies, fish bone 
flour has the potential to be an ingredient for the fortification of 
food products to increase nutritional value. The calcium in the 
bones must be converted into simpler forms before the fortifi-
cation process is carried out. Calcium is generally available in 
micro-size (μ) and is approximately 25% of the total calcium 
absorbed in the metabolic process (Hunt & Johnson, 2007). 
One of the alternatives to increase the maximum absorption 
of calcium is by converting it into nanocalcium. The form of 
nanocalcium allows a more efficient digestive process to enter 
the body’s cells, which will increase the bioavailability of the 
mineral calcium (Park et al., 2007). Therefore, the aim of this 
study is to observe the effect of the particle size of calcium in 
catfish bone flour on the ability to absorb calcium in exper-
imental animals. In addition, the nutritional content is also 
analyzed. The reduction of the particle size of fish bone flour 
is conducted by two different methods, namely, traditional and 
modern methods (by machine).

2. Materials and Methods

2.1. The making of catfish bone flour

The main ingredient used in this study was fresh catfish, 
Clarias gariepinus. In general, the process of producing catfish 
bone flour began with cleaning and washing the fresh cat-
fish, separating the meat from the bone, softening the bone by 
boiling it at high pressure, draining the bone, drying the bone 
with an oven, flouring the bone, and finally filtering the bone. 
In this study, the production of fish bone flour was divided into 
two methods, namely, the traditional method by using home 
equipment and the modern method by using a high-power 
grinding machine.

2.2. Fish bone flour characteristic test

2.2.1. Particle size of the flour

Particle size distribution was determined by dynamic light 
scattering (DLS) using a Nano ZS90 Analyzer (Malvern, Worces-
tershire, UK). Before analyzing, NFB was diluted to 0.1 g/100 g 
by using DI water containing sodium hexametaphosphate at 
0.2 g/100 g, which acted as a dispersing agent, and then it was 

subjected to ultrasonic dispersing (FRQ-1008T, Front Ultra-
sonic Technology Co., Ltd., Hangzhou, China) for 15 min (Yin 
et al., 2015).

2.2.2. Morphological analysis by scanning electron microscopy 

The fishbone flour samples were placed in the wells of 
6-well cell culture plates and sterilized for 4 h. Saos-2 cells 
(about 3 × 105 cells per well) were seeded in these plastic plates 
and incubated for 24 h in a humidified incubator at 37°C with 
95% air and 5% CO2. After 24 h of incubating, the media were 
removed, and specimens were fixed with a 3% volume fraction 
of glutaraldehyde, subjected to graded (30%–100%) alcohol 
dehydration, and kept at 20°C. Then they were examined with 
SEM (Deniz et al., 2015). According to Greiner (2009), the size of 
nanoparticles is in the range of 100–1,000 nm. The morphology 
of nanocalcium particles in catfish bone has a relatively similar 
crystal form to that of calcite (solid like a rock). The results of 
particle measurement by using the scanning electron micro-
scope were 10,000× and 20,000× magnifications. The crystal 
itself has three different forms, namely, calcite, aragonite, and 
vaterite. Calcite is as solid as a rock; vaterite has a flower shape 
(flower-like); and aragonite has the shape of a group of needles 
(Sumarto et al., 2021).

2.3. Nutritional content analysis

2.3.1. Proximate analysis

The proximate analysis of water, ash, calcium, lipid, phos-
phorus, protein, and carbohydrate contents was conducted 
according to the method of AOAC (AOAC, 2000).

2.3.2. Calcium content

The calcium (Ca2+) content of fish bone flour was deter-
mined using the wet ashing method described by Sembok 
(2013). A crucible containing 1 g of fish bone flour was placed 
in a muffle furnace and dried at 500°C for 12 h. It was allowed to 
cool down to 25°C, then 2 mL of concentrated HCL was added 
to the crucible, and evaporation to dryness was performed on 
a hot plate. Approximately 10 mL of HNO3 (4.8M) was added 
to the crucible before it was placed in a water bath for 1 h. 
The mixture was transferred into a 100 mL-volumetric flask, and 
distilled water was added until a total volume of 100 mL was 
reached. It was then filtered by filter paper (no. 2, Whatman).

2.3.3. Phosphorus content

Phosphorus was estimated spectrophotometrically by using 
the molybdovanadate method (AOAC, 1990), with slight modi-
fications described by Nwanna et al. (2008). Approximately 1.5 g 
of the sample was ashed for 48 h at 480°C. After the ash had 
cooled to room temperature, 2 mL of 6 N HCl was added, and 
the mixture was boiled to reach complete evaporation of the 
acid. After being cooled down to room temperature, 2.5 mL of 
6 N HCl was added to the mixture. The mixture was warmed 
to dissolve all the solutions present. The solution was then 
cooled and diluted to 50 mL using distilled deionized water. 
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The phosphorus concentration was analyzed using the Canada 
molybophosphoric acid colorimetric method with slight mod-
ifications (Nwanna & Schwarz, 2007). Approximately 3 mL of 
vanadate-molybdate reagent was added to 3 mL of the diluted 
solution of the sample. The phosphorus concentration was 
measured spectrophotometrically at 430 nm after the reaction 
mixture was thoroughly mixed with a machine (Heidolph REAX 
2000, No. 54119, Germany) and allowed to stand at room tem-
perature for 10 min.

2.4. Study of calcium absorption in experimental animals

2.4.1. Preparation

The experimental animals in this study were white male Wis-
tar strain rats (Rattus norvegicus) aged 8–12 weeks. The weight 
of the rats ranged from 200 to 250 g. The experimental animals 
were acclimatized by feeding them basal rations and distilled 
water ad libitum. The composition of the basal ration was pre-
pared according to the AIN 93 standard.

2.4.2. Intervention

The intervention was performed in accordance with the 
objective to determine the effect of particle size of catfish bone 
flour on absorption rate, so the intervention was conducted by 
giving a sample of catfish bone flour as much as 2.46 g (contain-
ing 500 mg of calcium for a human dose). If it was converted 
into a rat experimental animal dose, then 44.28 mg/200 g BW 
of rats were given orally. The intervention was repeated three 
times per group. This study was approved by the Health Research 
Ethical Clearance Commission, Faculty of Dental Medicine, 
Universitas Airlangga (number: 295/HRECC.FODM/VI/2021).

2.4.3. Blood sampling

Blood samples were obtained at every time interval after 
the rats were given fish bone flour products, and then 0.3 mL of 
blood was taken from the veins of the tail each time using a 1-mL 
disposable syringe. Blood sampling time started at pre-30 min, 
post-30 min, 1 h, 2 h, 4 h, and 24 h. The rat blood sample taken 
from the heart was put into a test tube and waited for 3 h to sep-
arate the blood and the serum. Furthermore, it was centrifuged 
(Hettich Zentrifugen) at 3,000 rpm for 15 min.

2.4.4. Analysis of blood calcium levels

A volume of 1 mL of serum sample was pipetted into a test 
tube, and then 4 mL of 5% TCA was added. The solution was 
vortexed (homogenized) and then centrifuged at 3,000 rpm for 
30 min. The supernatant result was pipetted 1 mL each into a 
test tube, then 1 mL of 5% strontium (Sr) solution and 8 mL 
of aquadest were added. The analysis was performed by an 
atomic absorption spectrophotometer (AAS) at a wavelength 
of 422.4 nm. The calcium standard solution, namely, calcium 
carnionate (CaCO3), was made with concentrations of 0, 0.5, 
1, 3, and 5 ppm. The reading results were then compared with 
the standard curve so that the calcium levels in mg/dl or ppm 
could be obtained.

3. Results and Discussion

3.1. Process of Producing Catfish Bone Flour

The main material used in this study was fresh catfish, 
Clarias gariepinus. The process of producing catfish bone flour 
is shown in Figure 1. The stages of catfish bone flour production 
by traditional methods or by using machines were basically the 
same. The two methods were distinguished by their production 
capacity and the tools used. The first stage was the process 
of cleaning and washing the fresh catfish to remove dirt and 
unused stomach contents. The second stage was the process of 
separating the parts of the catfish, which were the meat, skin, 
head, and fish bones. Furthermore, the parts used for the flour 
production were the bones and spines of the catfish, which 
were then softened by boiling them at a high temperature and 
pressure (presto) for 45 min. In this high-pressure boiling stage, 
a different tool was used between the traditional and machine 
methods; the traditional method used a pressure pan, while 
the machine method used a pressure cooker with a capacity of 
51 L. After that, in the traditional method, the fish bones that 
still contained water were drained manually by using a cloth 
filter; in the machine method, a spinner machine with a capacity 
of 10 kg was used. In the next stage, the fish bones were dried 
for 2 h in an oven to reduce the water content to its maximum. 
The oven used for the traditional method was a small oven com-
monly used by households, in contrast to the oven used for the 
machine method, which used a multilevel oven. The dried fish 
bones were then ground in a grinding process using a grinder 
and a disc mill. The last stage was filtering the fish bone flour 
to produce really fine flour. The sieve used for the traditional 

Catfish Washing Process 

Separating and Cleaning the Bones from the Meat 
 

Catfish Bone Washing

Softening Process with Presto

Water Draining/Reduction Process

Catfish Bone Drying

Catfish Bone Flouring

Filtering 

Household 
pressure pan 

Pressure cooker 
51 L 

Household 
oven 

Multilevel oven 

Blender/Grinder Disk mill 

40 mesh sieve 80 mesh sieve 

Traditional Machine

Cloth filter Spinner 10 kg 

Figure 1. Stages of catfish bone flour production.
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method was an ordinary one, while an 80-mesh sieve was used 
for the machine method.

3.2. Characteristics of catfish bone flour

According to Greiner (2009), the size of nanoparticles is 
in the range of 1–100 nm, and the size of microparticles is in 
the range of 1–1,000 μm (Greiner, 2009). Table 1 shows the 
results of the particle size characterization test of catfish bone 
flour with the machine and the traditional method. The graph 
shows two peaks: the first peak in the fishbone flour machine 
group shows 50% of the particles in the range of 160 nm and 

the second peak in the range of 1,300–1,400 nm. The European 
Commission has adopted a recommendation on the definition 
of a nanomaterial. The recommendation defines a nanomaterial 
as having a proportion of particles whose size ranges from 1 
to 100 nm that is at least 50% (European Commission, 2011). 
In addition, this product is made from fish bones, which, based 
on nutritional content (Table 1), contain 9.3% phosphorus. 
Based on research conducted by Li et al. (2019), flour based 
on phosphorus and processed by large-scale production has 
a particle size of 100–300 nm, referred to as nanoparticles. 
So, based on these findings, machine-made fishbone flour meets 
the requirements for nanoparticles. On the contrary, the particle 

Table 1. Fishbone flour particle size test results.
Fishbone Flour (Machine) Fishbone Flour (Traditional)

First test

Peak No. S.P.Area Ratio Mean (nm) SD (nm)
1 0.50 168.0 12.5
2 0.50 1,368.0 154.1

Z-Average particle size: 462.9 nm  
PI: 0.578

First test

Peak No. S.P.Area Ratio Mean (nm) SD (nm)
1 0.78 337.6 22.3
2 0.22 7,063.1 136.6

Z-Average particle size: 1,493.5 nm 
PI: 0.692

Second test

Peak No. S.P.Area Ratio Mean (nm) SD (nm)
1 0.50 169.6 11.8
2 0.50 1,416.2 148.0

Particle size: 484.4 nm 
PI: 0.594

Second test

Peak No. S.P.Area Ratio Mean (nm) SD (nm)
1 0.80 339.5 43.1
2 0.20 6,637.0 523.0 n

Particle size: 1,510.3 nm 
PI: 0.687

Continue...
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size of the traditional method for the first peak was >70% of 
the particles in the range of 300 nm, and the second peak is in 
the range of 6,000–7,000 nm, so they were categorized as mi-
croparticles. The processing method of using a large-capacity 
machine produced a better product quality, including a smaller 
particle size and homogeneous surface area (Yin et al., 2016). 
This was different from the traditional method, which still in-
volved simple processes such as using a sieve with a larger mesh 
and using a blender for the flouring process, which produced a 
coarser product compared to the power of a disc mill machine. 
The power of different machines caused the particle breakage 
energy also different.

Research by Muryati et al. (2019) stated that the character-
istics of nanocalcium oxide determined by XRD had an average 
particle size of 38.94445 nm, which indicated that the sample 
had met the requirements as a nanomaterial. The fishbone 
flour particle size of Micromesistius potassium by using Mas-
tersizer 3,000 (± SD) showed 26.6 nm with Dx (90 μm) (Busca 
et al., 2021). A study by Zhu et al. (2021), which implemented 
thermoultrasonic treatment on halibut fish bones, resulted in a 
particle size of 605.92 nm. Hydrophobic intermolecular inter-
actions could destroy or reduce particle size. The distribution of 
nanoparticle size in fish bone flour by special treatment result-
ed in a more homogenous size. This was possible because the 
treatment responded to the collision rate and impact strength 
so that it produced the expected nanoparticle size (Zhu et al., 
2021). The treatment of catfish bone flour produced by using 
a machine contributed to the homogenization of particle size 

and a more stable final result, so that the results shown were in 
accordance with the nanoparticle size criteria.

The nanocalcium particle morphology was determined 
using SEM JEOL JSM 6510-LA. The results of particle measure-
ment were obtained using the scanning electron microscope 
at 10,000× and 20,000× magnifications. The crystal has three 
different crystal forms, namely, calcite, aragonite, and vaterite. 
Calcite is as solid as a rock; veterit has a flower-like shape; and 
aragonite has the shape of a group of needles.

In Figure 2, the microscopic appearance of fishbone flour 
is shown using a machine (Figure 2A) and traditional (Fig-
ure 2B) methods. Particles in fishbone flour by machine method 
(Figure 2A) appear to be scattered with a smaller size than the 
particles in fishbone flour by the traditional method (Figure 2B), 
which are larger in size. In addition, the particles in Figure 2B 
appear to be sticking to each other. Other research showed mi-
crostructure photos of fishbone flour Micromesistius poutassou 
particles look smaller and are similar to photos of control prod-
ucts, namely, the microstructure of milk flour (Busca et al., 2021).

3.3. The proximate analysis of catfish bone flour

Based on the result of the experiment using a different 
production of nano-calcium from fishbone, both the machine 
and traditional methods significantly affect the characteristics 
of water, ash, calcium, phosphorus, energy, and carbohydrate 
content. The results of the proximate test of catfish bone flour 

Note: Dispersants using ethanol.

Fishbone Flour (Machine) Fishbone Flour (Traditional)

Third test

Peak No. S.P.Area Ratio Mean (nm) SD (nm)
1 0.50 165.2 16.8
2 0.50 1,318.7 178.4

Particle size: 462.1 nm 
PI: 0.559

Third test

Peak No. S.P.Area Ratio Mean (nm) SD (nm)
1 0.72 343.6 28.1
2 0.28 6,777.5 395.2

Particle size: 1,520.2 nm 
PI: 0.693

Average Average
Particle size: 469.8 nm 

PI: 0.577
Particle size: 1,508 nm 

PI: 0.6907

Table 1. Continuation.
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are shown in Table 2. The difference in the production method 
of catfish bone flour between traditional and machine methods 
shows different nutritional values.

3.3.1. Water content

The percentage of water content in catfish bone flour using 
the machine method is 5.63%, higher than the traditional meth-
od, which is 4.51%. Different results found that water content 
reaches 10.35% because the drying process only uses sunlight 

(Taufiq & Fadlila, 2021). The low water content produced in 
this research is due to the use of a household oven where the 
temperature has a good heat cycle. According to another study, 
the higher the drying temperature, the lower the water content 
of a food source. This is because the water content in the mate-
rial is different from the surrounding air, so it will be easier to 
evaporate (Ikhsan & Patang, 2016).

3.3.2. Ash content

The percentage of ash content in the traditional method 
is 60.36%, while the machine method shows a lower figure 
of 44.1%. Research by Bechtel et al. (2019) presented an ash 
content of 53.95%. Tuna fish bones revealed an ash content of 
44% (Abbey et al., 2016). Differences in ash content in fishbone 
can be affected by the mineral composition of each ingredient. 
Bone mineral content in fish bones is influenced by the nutri-
tional components of each species of fish when searching for 
food in aquatic habitats (Sumarto et  al., 2021). Ash content 
shows leftover inorganic substances from the combustion of 
organic material. Bone contains living cells and an intracellular 
matrix in the form of mineral salts. The mineral consists of 
80% calcium phosphate, and the rest is calcium carbonate and 
magnesium phosphate (Taufiq & Fadlila, 2021).

3.3.3. Energy content

The energy content of catfish bone flour with the tradi-
tional method is 185.97 kcal/100 g, while the machine method 
is 257.88 kcal/100 g, which is higher. Research by Abbey et al. 
(2016) analyzing the flour content of tuna fish bones showed 
an energy content of 242.5 kcal/100 g.

3.3.4. Protein content

Catfish bones with the traditional method contain 20.22% 
protein, while the machine method is 36.25% higher. This result 
shows that the protein content is sufficient when compared to 
other research showing that tuna fish bones contain 28.66% 
protein (Abbey et  al., 2016). The protein content of catfish 
bone flour is 19.47% (Rosidi et al., 2021). Protein from tilapia 
fish bones is 14.81% (Hemung, 2013) using modern machine 
methods. This decrease in protein content is thought to be 
caused by protein denaturation caused by high heating tem-
peratures. Through flocculation, the protein structure will 
be damaged. This process is the initial stage of denaturation. 
Analysis of the denaturation temperature range of a product 
and the optimal selection of thermal processing parameters are 
important for fish raw materials because they have an impact 
on the quality, stability, and functionality of the final product 
(Strzelczak et al., 2021).

3.3.5. Lipid content

The lipid content of catfish bone flour showed 9.09% in the 
traditional method, while the machine method showed a higher 
value of 11.36%. Research by Rosidi et al. (2021) discovered 
that Clarias gariepinus fish bones contain 3.56% lipid, which 
is significantly higher than Sardinella fimbriata, which is only 

A 

B 

Figure 2. Microscopic photo of catfish bone flour: (A) machine and 
(B) traditional.

Table 2. Catfish bone nutritional content.

Parameter
Test Results

Catfish Bone Flour 
(traditional)

Catfish Bone Flour 
(machine)

Water content (%) 4.51 5.63
Ash content (%) 60.36 44.10
Energy (kcal/100 g) 185.97 257.88
Protein (%) 20.22 36.25
Lipid (%) 9.09 11.36
Carbohydrate (%) 5.82 2.66
Calcium (mg/100 g) 19,458.13 (19.4%) 15,901.40 (15.9%)
Phosphorus (mg/kg) 104,211.01 (10.4%) 92,949.89 (9.3%)
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0.77%. Additionally, tuna fish bones contain 11.3% lipid (Abbey 
et al., 2016). The lipid content in boiled catfish bones is 2.11%, 
while in smoked fish bones, it is 1.95% (Adeniji et al., 2015). 
Catfish (Clarias gariepinus) is a fatty fish, and the content of 
fish bones correlates with body fat. In line with the research 
by Umar et al. (2018), the production process uses the heating 
method using firewood, which has a lower lipid content than 
using a machine. Firewood produces more heat, and this is a 
result of a higher differential temperature.

3.3.6. Carbohydrate content

The carbohydrate content of catfish bone flour with the 
traditional method was 5.82% higher than the carbohydrate 
content of catfish bone flour with the machine method. Re-
search by Ferazuma et al. (2011) conducted the production of 
catfish bone flour as an ingredient in the formula for making 
crackers, showing a carbohydrate content of 15.03% with mod-
ern machine methods. Other research identified the nutritional 
content of bone flour in several species of catfish (Sumarto et al., 
2021). The result showed carbohydrate content of Pangasius 
hypophthalmus 3.93%, Clarias batrachus 6.25%, Hemibagrus 
mumurus 4.16%, and Paraplotosus albilabris 6.21% with the 
production process using machines. The results of the calcula-
tion of carbohydrate content using the by difference method with 
calculations involving the water content, protein ash content, 
and lipid content of the food source.

3.3.7. Calcium content

The calcium content of catfish bone flour is 19,458.13 mg/100 
g in the traditional method is higher, while it is 15,901.4 mg/100 
g in the machine method (Table 3). This calcium content is 
higher than other research, which showed calcium con-
tent of 13,184.3  mg/100 g in the skeleton of tuna fish and 
15,469.3  mg/100 g in the gills of tuna (Abbey et  al., 2016). 
Using  only boiling as a solvent, Bechtel et  al. (2019) found 

21.27% Ca (dry wt basis) in channel catfish bone fractions. 
Other researchers have reported 18.07% Ca in hake bone flour 
(Flammini et al., 2016) and 23.69% Ca in silk carp bone flour 
(Yin et  al., 2016) using a similar method. The difference in 
calcium levels is due to differences in species, sex, biological 
cycle, and body parts, in addition to environmental factors such 
as season, fish habitat, and the number of available nutrients.

The calcium content of catfish bone flour was higher in the 
traditional method, which is 19.4%, while the machine method 
showed 15.9%. Research by Bechtel et al. (2019) showed that the 
calcium content of Clarias batrachus fish bone flour was high-
er, namely, 21.27%, using a machine with enzymatic addition 
treatment. Other research revealed that Sardinella fimbriata 
fish bone flour has a calcium content of 4.96 (μg/g) with a 
modern machine production process, while Clarias gariepinus 
fish bone contains 4.79 (μg/g) calcium (Rosidi et  al., 2021). 
Atlantic salmon bone flour contains calcium levels of 24.92% 
and the Baltic cod backbone of 27.79% using modern machines 
with the addition of chemicals (Bubel et al., 2015). 

Research by Logesh et al. (2012) identified the bone calcium 
levels of Sardinella longiceps (oil sardine) and Trichiurus savala 
(ribbon fish) through two treatments. In treatment I, bones 
were soaked in 0.5 mol/L sodium hydroxide for 20 h and then 
in 40% (v/v) ethanol solution for 15 h. In treatment II, bones 
were soaked in 1.0 mol/L sodium hydroxide for 30 h and then 
in 60% (v/v) ethanol solution for 10 h. The results showed 
that the calcium levels were significantly different. The bones 
of Sardinella longiceps in treatments I and II contained 26.39 
and 32.72% calcium, while the bones of Trichiurus savala fish 
contained 19.33 and 27.81% calcium. In the bones of Sardinella 
fimbriata, Sardinella albella, and Sardinella gibbose fish with the 
same treatment as the previous study, calcium levels were 31.98, 
28.34, and 26.02%, respectively (Xavier Eugien et  al., 2014). 
Additionally, research by Muryati et al. (2019) identified the 
nanocalcium content of snakehead fish bone, which showed 
39.8% results through calcination at a temperature of 900°C 
and preparation by the ball milling method.

3.3.8. Phosphorus content

Phosphorus results showed 104,211.01 mg/100 g in the 
traditional method and 92,949.89 mg/100 g in the machine 
method. Tuna fish bones contain 1,010.2 mg/100 g of phospho-
rus, while tuna fish gills produce 1,071.8 mg/g of phosphorus 
(Abbey et al., 2016). Nevertheless, catfish bone flour, through 
an enzymatic process, showed 8.12% for 5 min and 9.24% for 
30 min (Bechtel et al., 2019).

3.4. Study of calcium absorption rate of catfish flour in 
experimental animals

Fishbone is composed of approximately 30% collagen 
and 60–70% inorganic compounds such as calcium, phos-
phorus, magnesium, iodine, and selenium (Välimaa et  al., 
2019). Fishbone naturally contains calcium and phosphorus 
in the right ratio of approximately 2:1 from hydroxyapatite, 
which is considered the most bioavailable form of calcium. 
In addition to calcium, phosphorus used by the fertilizer and 

Table 3. Catfish bone nutritional value: literature review.

Product
Parameter

Calcium (%)
Fishbone flour
Clarias gariepinus (Traditional method) 19.4
Clarias gariepinus (Machine method) 15.9
Fishbone flour (article)
Clarias batrachus [11] 21.27
Sardinella fimbriata [30] 4.96 (μg/g)
Clarias gariepinus 4.79 (μg/g)
Atlantic salmon [37] 24.92
Baltic cod backbones 27.79
Trichiurus savala [38] 27.81
Sardinella longiceps 32.73
Sardinella fimbriata [39] 31.98
Sardiella gibbose 28.34
Sardiella albella 26.02
Nano-calcium from fishbone (article)
Snakehead Fish Bone [24] 39.8
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Figure 3. Average calcium absorption between time intervals.

chemical industries can be insulated and recovered from fish 
bones (Välimaa et al., 2019). The soluble calcium concentra-
tion correlated with total solubility, with the highest soluble 
calcium found at pH 3 and the lowest at pH 7 (Busca et al., 
2021). At higher pH, calcium solubility was very low in all 
cases. Micromesistius poutassou bone flour exhibited the high-
est soluble ion concentration (158.78 mg/L) at pH 3 at room 
temperature. The solubility was inversely associated with pH,   
with all flours exhibiting not more than 10% solubility at pH 
7 and approximately 40% solubility at pH 3. However, the 
temperature did not play a significant role in the solubility 
profile of fish bone flour, even though tuna fish bone flour is 
processed using modern machines (Busca et al., 2021).

The calcium absorption test in experimental animals 
was carried out on both samples, namely, samples using the 
machine and traditional methods, by observing the time in-
tervals for 30 min, 1 h, 2 h, 4 h, and 24 h. Table 4 shows the 
results of the absorption test. There was a gradual increase 
over time until after 2 h, which was the highest absorption 
peak, then a gradual decrease until 24 h (Figure 3). The peak 
time interval at 2  h post-administration of fish bone flour 
showed the maximum concentration of calcium absorption. 
Furthermore, there is a decrease because there is no more 
absorption and elimination.

Research related to calcium absorption in vitro using the 
CaCO2 cell line model showed a 40% of the amount of calci-
um absorbed and the total calcium absorbed (>150 mg/kg). 

Table 4. Average calcium levels in experimental animals with 
time interval.

Time
Code

TTM TTB
Pre 12.65 ± 1.32 11.85 ± 0.38
Post
30 min 20.81 ± 2.62 19.33 ± 2.70
1 h 20.33 ± 2.64 19.12 ± 0.72
2 h 23.54 ± 1.27 21.35 ± 1.60
4 h 19.21 ± 1.50 18.32 ± 3.93
24 h 16.57 ± 1.45 13.65 ± 3.21

TTM: Fishbone flour (machine); TTB: Fishbone flour (traditional).

The calcium solubility of fish bone flour increases significantly as 
the particle size decreases, which is due to an increase in surface 
area and the breakdown of the collagen matrix. Therefore, de-
creasing the particle size of fish bones becomes an alternative 
to increasing calcium absorption (Yin et al., 2016). Calcium ab-
sorption is higher in the machine method due to the smaller 
nanoparticle size, so the absorption turns out more perfectly.

The advantage of this research is the comparison of two 
methods of making fish bone flour into calcium preparations 
of nanoparticle size. The first method is a traditional one that 
is easy to do and can be adapted by the general public because 
it does not require special tools. In the second method, special 
tools are used to support the process of producing fish bone 
flour, which is expected to produce a superior product. An-
other  advantage is that in this study, an absorption test was 
included to see the absorption of calcium in the body through 
experimental animals, which was accompanied by time in-
tervals so that changes in the absorption value were depicted. 
The drawback of this study is that only one type of fish is used. 
Because it does not compare the various variations of catfish, 
the data displayed may be limited.

4. Conclusion
This study showed that fishbone flour with a ma-

chine-based production method was superior in particle 
size and in accordance with the nanoparticle criteria. More-
over,  the value of protein content was higher. In addition, 
based on the results of the absorption tests in experimental 
animals, the average value of calcium content was also high-
er, thus indicating optimal absorption capacity. In contrast, 
in the fishbone flour of the traditional method, the calcium 
content was higher but the particle size was larger, and it 
was not included in nanoparticles but microparticles, so the 
absorption results were lower. In conclusion, the nanoparticle 
size was able to increase the absorption of calcium gradually 
until the absorption peak at 2 h post-intervention compared 
to the microparticle size.
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