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Abstract

Snakehead fish (Channa striata) is commonly used as a raw material in tra-
ditional foods in South Sumatra. However, some parts of this fish, such as the
bones, are not used during food processing. This study aimed to determine the
physicochemical characteristics of nanocalcium derived from snakehead fish
bones using different solvents. The solvents used were distilled water (dH,0O), hy-
drochloric acid (HCI), and natrium hydroxide (NaOH). The results showed that
the smallest particle size distribution was produced by the HCI solvent (264.5 =
29.5 nm). Different solvents significantly affected the whiteness, with the highest
value of 86.79 + 0.45% obtained from the NaOH solvent. In terms of chemi-
cal properties, the different solvents also significantly affected the moisture con-
tent (0.65 - 1.31%) and ash content (91.15 - 98.26%). The calcium (Ca) content
ranged from 20.26 + 0.95% - 21.38 + 1.17% and the phosphorus (P) content
ranged from 0.02 + 0.01% - 0.13 = 0.01%. The functional groups present in the
snakehead fish bones included phosphate group (PO4*"), hydrogen phosphate
group (HPO4*"), hydroxyl group (OH"), and carbonate group (CO5*"). In this
study, hydroxyapatite (HAp) was formed with A-type and B-type carbonate apa-
tite. The different solvents used in the nanocalcium process significantly affect the
yield, moisture content, ash content, and P content.
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Introduction

Over 70% of the total fish caught undergoes further processing before reach-
ing the market. This processing-such as gutting, scaling, and filleting-varies by
species due to differences in composition, size, shape, and intrinsic chemistry,
and can result in substantial amounts (approximately 20 - 80%) of fish waste [1].
The waste primarily consists of muscle trimmings (15 - 20%), bones (9 - 15%),
viscera (12 - 18%), skin and fins (1 - 3%), heads (9 - 12%), and scales (5%) [2].
'This waste has not been properly utilized. As a result, this waste continues to
increase alongside the development of the fishing industry and the rising levels of
fish consumption in households [3]. These wastes can certainly be optimized as
an alternative source of nutraceutical ingredients, including functional foods such
as fish bone waste [4].

'The consumption of freshwater fish in the community has increased, leading
to growth in the fish farming industry and among them snakehead fish (C. s¢ri-
ata) consumed commonly. Snakehead fish is the main ingredient in a traditional
fishcake dish from South Sumatra, Indonesia, known as "pempek". Since pempek
is typically made using the meat of the snakehead fish, other parts such as the
bones are often discarded as waste. However, research on the potential use of
fishbone waste generated during pempek production has not yet been conducted.
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Fish bones are primarily composed of minerals and colla-
gen [5, 6]. The key minerals are Ca and P, which are essential
for the body, including bone and tooth formation, blood pro-
duction, and the prevention of osteoporosis [7, 8]. Thus, fish
bones can be utilized as a source of nutraceutical raw materi-
als. The Ca (12.8%) and P (6.4%) contents in snakehead fish
bones are relatively high, making them a potential source of
minerals [9]. A previous study also reported that snakehead
fish bone contains more Ca (12.78%) compared to mackerel
bone (6.6%) [10]. However, Ca is generally available in micro
form, which is not optimally absorbed by the body’s metabo-
lism. Therefore, to ensure that Ca products are easily absorbed
and utilized by the human body, Ca needs to be converted into
nanocalcium [11].

Fish bones are also known to contain HAp, which can
be utilized as a biomaterial in various biomedical applications
[12-14]. HA is primarily composed of Ca and P, with a Ca/P
molar ratio of 1.67. Therefore, HA can be synthesized by ex-
tracting Ca and phosphate precursors from fish bones using
precipitation and sol-gel methods [15]. This study focuses
on the extraction of Ca and P minerals from snakehead fish
bones as HA precursors, which are then used as raw materi-
als for nanocalcium production. Previous studies reported that
nanocalcium exhibits several benefits and can be applied in
agriculture and human use, such as in health supplements and

wound healing [16, 17].

In the extraction process, several factors influence the
outcome, such as the type of solvent, pH, temperature, and
extraction time [18, 19]. In this study, ultrasound-assisted
extraction was applied during the process. A previous study
reported that ultrasound-assisted extraction typically increas-
es the yield of Ca from fish bones compared to traditional
extraction methods [20]. Besides increasing the extraction ef-
ficiency, the ultrasound technique also has some drawbacks,
such as localized heat generated by cavitation, optimization
of extraction parameters, and equipment cost issues [21, 22].
Previous studies have reported that Ca and P from fish bones
can be extracted using acidic, saline, deep eutectic, and alkaline
solvents [23-25]. A previous study reported that nanocalcium
powder from fish bone was prepared using HCl and NaOH
[26]. Additionally, different solvents (HCl and NaOH) re-
sulted in varying mineral compositions of Ca hydroxide
(Ca(OH),) [27]. Based on these findings, the type of solvent
affects the mineral content obtained during the extraction
process, including Ca and P. Therefore, we hypothesized that
the type of solvent also influences the preparation of nanocal-
cium from snakehead fish bone meal. Thus, this study aimed to
determine the physical characteristics (whiteness and particle
size) and chemical characteristics (Ca, P, functional groups,
and proximate composition) of nanocalcium extracted from
snakehead fish (C. s¢riata) bone meal using ultrasound-assist-
ed extraction with different solvents, such as NaOH, HCI, and
water.

Materials and Methods
Production of snakehead fish bone meal

The production of snakehead fish bone meal was carried

out based on previous methods [28, 29]. Fish bones were thor-
oughly washed and boiled at 80 ‘C for 30 min. The boiled fish
bones were then cleaned and boiled again for 3 h. Afterward,
the fish bones were drained at room temperature for 15 min
and dried in an oven (IMemmert Universal Oven UN55, Ger-
many) at 80 'C for 12 h. Finally, the dried fish bones were
ground into a powder (80 mesh).

Production of nanocalcium

'The production process of snakehead fish bone meal nano-
calcium was carried out based on previous studies [28, 30].
Briefly, 10 g of fish bone meal was extracted using three types of
solvents: dH,O, HCI, and NaOH. The bone meal was extracted
using an ultrasonic bath at 50 'C and 45 kHz for 45 min. The
extraction results were then cooled, filtered, and neutralized
(for HCI or NaOH solvents). The samples were dried in an
oven at 105 'C for 3 h and then calcined in a muffle furnace
(Thermo Scientific FB1410M-33, USA) at 600 ‘C for 5 h. The
extracts were then weighed, and the yield was calculated [31].

Whiteness, particle size, and proximate analysis

"The whiteness of the snakehead fish bone meal nanocal-
cium was measured using a chromameter (Chromameter CR-
400/410) [32]. Particle size was determined using a particle
size analyzer (PSA) (Beckman Coulter Delsa™ Nano) [33].
Proximate analysis, which includes moisture and ash contents,
was performed according to the AOAC method [34].

Ca, P, and function group analysis

The Ca and P contents in snakehead fish bone meal nano-
calcium were determined using Atomic Absorption Spectro-
photometry (AAS, AA-7000 Shimadzu) [35] and the func-
tional group analysis of nanocalcium was conducted using

Fourier-transform infrared (FTIR, Bruker Tensor 27) [36].
Data analysis

'The data on yield, moisture, ash, Ca, and P contents were
expressed as the mean * standard error of the mean (SEM).
The data were analyzed using one-way analysis of variance
(ANOVA), followed by Duncan's multiple range test (p <
0.05) with SPSS software (ver. 22.0; IBM Corporation, USA).
Functional groups and particle size were analyzed using de-
scriptive analysis.

Results and Discussion
Yield of nanocalcium from snakehead fish bone meal

The yield of snakehead fish bone meal nanocalcium is
shown in figure 1. The extract yield represents the percent-
age of the main raw material (fish bone meal) that is pro-
cessed into the final product (nanocalcium). The yield from
the dH,O solvent (20.77 + 1.31%) was significantly higher
(p < 0.05) compared to the NaOH (5.54 + 2.33%) and HCl
(4.75 = 2.90%) solvents. A previous study reported that the
yield of nanocalcium from yellowfin tuna fish bone ranged
from 22.25% - 30.10% [37]. The yield of nanocalcium from
fish bones can vary depending on the fish species [26, 38].
A previous study reported that the use of dH,O can reduce
organic compounds in small amounts compared to acidic and
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Figure 1: Yield of nanocalcium from snakehead fish (C. s¢riata) bone na-
nocalcium. Data are expressed as mean + SEM (n = 3). Different supers-

cript letters on the bars indicate significant differences (p < 0.05).

basic solvents [37]. Nanocalcium yields decrease when soaked
in acidic or alkaline solutions because bone constituent com-
ponents, such as minerals and organic compounds, are more
easily hydrolyzed. Additionally, a previous study has reported
lower yields in the manufacture of fishmeal with pH > 7 or pH
< 7,compared to pH = 7.This is due to the rapid denaturation
and demineralization processes that occur, resulting in a lower
yield compared to water [39].

In this study, ultrasound-assisted extraction was also ap-
plied during the process. A previous study reported that ultra-
sound-assisted extraction typically increases the yield of Ca
from fish bones compared to traditional extraction methods
[20]. Ultrasound induces the formation of cavitation bubbles
on the material's surface, which generate microjets, shear stress,
and turbulence. These phenomena result in surface delamina-
tion, erosion, and fragmentation of the material [40]. As the
surface area increases, mass transfer is enhanced and promotes
the release of cellular content. This improved accessibility al-
lows solvents to better interact with the substrate, accelerating
biochemical reactions and, in turn, increasing extraction effi-

ciency and yield [41, 42].
Whiteness

The average whiteness of snakehead fish bone meal nano-
calcium ranged from 82.55 + 0.16% - 86.79 + 0.45% is shown
in figure 2. The three types of solvents used had no significant

(p > 0.05) effects on the degree of whiteness of nanocalcium.
The whiteness value was found to be highest in the NaOH
solvent (86.79 + 0.45%), although this value is smaller than the
whiteness value of commercial Ca carbonate (CaCO3) pow-
der, which is = 92% [37]. The presence of organic compounds
in fish bones gives the product a less white color. The use of
alkaline solvents can hydrolyze these organic compounds,
producing Ca that settles on the bone matrix and results in
a whiter color. In contrast, when an acidic solution is used in
the soaking process, the pH of the solution affects the color
stability [43]. Acid can dissolve color pigments in the material,
causing the brightness of the color pigments to decrease with
increasing concentration and extraction time. Additionally, the
concentration of NaOH used also aftects the degree of white-
ness [44].

Particle size

The PSA results for snakehead fish bone meal nanocalci-
um are shown in figure 3. Different extraction solvents resulted
in differences in the particle size of snakehead fish bone meal
nanocalcium. The HCl solvent produced the smallest particle
size (264.5 +29.5 nm), compared to NaOH (502.5 + 50.9 nm)
and dH,O (715.8 + 163.8 nm). This result can be attributed to
the strong acidic nature of HCI, which more effectively breaks
down the bone matrix and removes non-Ca components, such
as proteins and fats. This process facilitates greater Ca release
and results in finer particle dispersion. Furthermore, the pro-
duction of nanocalcium powder typically involves demineral-
ization with HCI, which aids in the removal of compounds
bound to Ca, thereby improving its solubility [45]. Minerals
can be extracted using various acidic solutions, including HCI,
sulfuric acid, and lactic acid [46]. A previous study reported
that the smallest nanocalcium particle size from acid solvents
was 259 nm [37]. Another study also reported that the particle
size of nanocalcium from catfish ranged from 339.30 nm -
464.73 nm [9]. Additionally, the particle size of nanocalcium
prepared from tuna species ranged from 650 nm - 38,780 nm
[47]. A product can be categorized as nano-sized when the
particle size is between 10 nm and 1,000 nm [37, 48]. Small-
er particle sizes typically exhibit better absorption when the
product enters the body. In PSA measurements, particles are
measured in a liquid medium dispersed in a dispersant, and
these conditions greatly affect the measurement process. Ad-
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Figure 2: Whiteness value of snakehead fish (C. striata) bone nanocal-
cium. Data are expressed as mean + SEM (n = 3). Different superscript
letters on the bars indicate significant differences (p < 0.05).
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Figure 3: The particle size of snakehead fish (C. szriata) bone nanocalcium
based on the solvents: (A) dH,O, (B) HCI, and (C) NaOH.
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cium, resulting in incomplete dispersion in the dispersant and 25.00 e @
leading to inconsistent particle size results, with larger sizes 2000 2080° 20.26* -
observed in PSA analysis [11]. '
Moisture and ash contents % 15.00
=

The moisture and ash content of the snakehead fish bone § 10.00
meal nanocalcium are shown in figure 4. The dH,O sol-
vent had a significantly (p < 0.05) higher water content val- 5.00
ue (1.31%) compared to NaOH (0.65%) and HCI (0.67%).
During the extraction process, water evaporation occurs in the O iled wator el NaOH
filtrate, which results in free water in the sample. The decrease Solvents
in water content is also due to the hydrolysis of protein in fish -
bone meal when mixed with acidic and basic solvents, and the 0.14 0.13°
heating process leads to a reduction in water bonds. A previ- 0.12 o1l
ous study reported that the low water content in tuna bone 0.10
and clamshell powder was caused by protein hydrolysis during g 008
heating in the manufacture of nanocalcium powder [49]. g )

=

'The ash content in the NaOH solvent (98.26%) was sig- _é_‘ o
nificantly (p < 0.05) higher compared to the dH,O solvent =00 0.02¢
(91.15%), while no significant difference was observed in the 0.02
HCI solvent (97.78%). This indicates that acid and alkaline 0.00
treatments significantly affect the increase in ash content of Distilled water Hel NaOH
nanocalcium. Ash content is directly proportional to the min- Solvents
eral content in the PrOdUCt [50] A previous StUdy reported Figure 5: The (A) calcium and (B) phosphor contents of nanocalcium of
that microcalcium from catfish bone, which was prepared us- | snakehead fish (C. striata) bone. Data are shown as mean + SEM (n = 3). Dif-
ing HCI and NaOH ranged from 98.25% - 98.40% [ 51] ferent superscript letters on the bars indicate significant differences (p < 0.05).
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Figure 4: The (A) moisture and (B) ash contents of nanocalcium of
snakehead fish (C. striata) bone nanocalcium. Data are shown as mean +
SEM (n = 3). Different superscript letters on the bars indicate significant
differences (p < 0.05).

cium are shown in figure 5. The type of solvent used did not
significantly affect the Ca levels, which ranged from 20.79%
- 21.38%. A previous study reported that the Ca content of
catfish bone ranged from 21% - 25% [52]. Additionally, the
Ca content of nanocalcium from various fish bones ranged

from 20.49% - 23.24% [26].

The type of solvent used had a significant (p < 0.05) effect
on the resulting P levels, with the highest level in the NaOH
solvent (0.13%) and the lowest in dH,O (0.02%), while the
HCl solvent had a P level of 0.11%. A previous study reported
that the P content of catfish bone was about 10% - 11% [52].
The level of P obtained in snakehead fish bone meal nanocal-
cium is inversely proportional to the level of Ca.The P content
of nanocalcium is lower than that of Ca [53].

Ca and P are closely related to metabolism and function.
The regulation of Ca and phosphate balance is crucial for
proper cellular activity, metabolic processes, and overall organ
function. Low P levels are better digested by the body than
high P levels, as high P can inhibit the Ca absorption process
[54,55]. A good Ca-to-P ratio of about 1:1 - 3:1 ensures that
the Ca-to-P absorption process is more effective [56, 57]. The
presence of Ca and P in fish bone meal nanocalcium depends
on the fish species and processing methods, including the sol-

vent used [9, 25, 58].
Functional groups of nanocalcium

The FTIR spectra of snakehead fish bone meal nanocal-
cium is shown in figure 6 and table 1. The FTIR spectra was
analyzed to determine the functional groups present in the
nanocalcium based on previous study by Prinaldi et al. [37].
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Figure 6: The FTIR spectra of nanocalcium of snakehead fish (C. szriaza) bone
nanocalcium with different solvents: (A) dH,O, (B) HCI, and (C) NaOH.

Table 1: The FTIR peaks of nanocalcium of snakehead fish (C. s¢riata) bone.

Functional groups i Solvenfs i
dH,O (em™) | HCl(ecm™) | NaOH (em™)

v, PO - 961.48 -

v, PO > 420.40 464.76 414.40

v, PO 1102.37 1019.30 1022.14

v, PO4* 590.06 - 564.97

A-type 1507.17 1507.81 -

B-type; HPO > 875.17 874.43 874.21;1457.08

OH" 3390.20 3473.09 3589.16

'The FTIR analysis detected the presence of OH", CO >, PO *
, and HPO_* in the nanocalcium. The functional groups in
nanocalcium are part of the HAp compound, with the chem-
ical formula Ca, (PO,),(OH), [59, 60]. In HAp compounds,
there is an inorganic component found in bones called car-
bonate apatite [61]. In the present study, the symmetric
stretching of PO 43" (v, PO 43") was detected only in HCI, and
the asymmetric bending of PO,*" (v, PO,*") was detected in
NaOH and dH,O. Meanwhile, the symmetric bending (v,
PO*") and asymmetric stretching (v, PO,*") of PO,*" were
detected in all solvents. Carbonate apatite is divided into two
types: type A carbonate apatite (A-type carbonate) and type
B carbonate apatite (B-type carbonate). The A-type carbonate
apatite is formed when CO,> substitutes for OH", while the
B-type carbonate apatite is formed when carbonate replaces
PO/ [62, 63]. In the present study, A-type carbonate was
detected in HCI and dH,O, whereas B-type carbonate was
detected in all solvents.

Overall, nanocalcium is successfully extracted from
snakehead fishbone using different solvents such as NaOH,
HCI, and water. The snakehead fish nanocalcium contains Ca
and P. Previous studies reported that Ca and P from fish bones
can be extracted using acidic (HCI), saline, deep eutectic, and
alkaline (NaOH) solvents [23, 26]. Nanocalcium is a material
with nanoscale dimensions [64]. Due to its small particle size
and high surface area, nanocalcium offers several potential ap-
plications in human health, including bone health, dental care,
and drug delivery [65]. It can also be used as a raw material
for nutraceutical products. Additionally, nanocalcium is being
explored for its potential in promoting tissue regeneration and
as a hemostatic agent [66, 67].

Conclusion

Nanocalcium extracted from the fishbone of snakehead

fish (C. striata) using an acidic solvent (HCI) exhibits bet-
ter properties than that extracted using an alkaline solvent
(NaOH) or dH,O. Extraction of nanocalcium with HCI pro-
duces the smallest particle size, measuring 264.5 = 29.5 nm.
'The type of solvent used in the nanocalcium extraction process
significantly affects the yield, moisture content, ash content,
and P content. FTIR analysis shows that A-type carbonate
apatite is present in samples treated with neutral and acidic
solvents. Snakehead fish nanocalcium shows significant prom-
ise in various biomedical applications due to its nanoscale
properties. Future research should focus on optimizing its syn-
thesis methods, enhancing its biocompatibility, and evaluating
its safety through both in vitro and in vivo studies.

Acknowledgements

None.

Conflict of Interest

None.

References

1. Coppola D, Lauritano C, Esposito FP, Riccio G, Rizzo C, et al. 2021.
Fish waste: from problem to valuable resource. Mar Drugs 19(2): 116.
https://doi.org/10.3390/md19020116

Martinez-Alvarez O, Chamorro S, Brenes A. 2015. Protein hydroly-
sates from animal processing by-products as a source of bioactive mole-
cules with interest in animal feeding: a review. Food Res Int 73: 204-212.
https://doi.org/10.1016/j.foodres.2015.04.005

3. Zhang], Akyol C, Meers E.2023. Nutrient recovery and recycling from
fishery waste and by-products. / Environ Manage 348: 119266. https://
doi.org/10.1016/j.jenvman.2023.119266

4. Nag M, Lahiri D, Dey A, Sarkar T, Pati S, et al. 2022. Seafood dis-
cards: a potent source of enzymes and biomacromolecules with nutri-
tional and nutraceutical significance. Front Nutr 9: 1-16. https://doi.
org/10.3389/fnut.2022.879929

5. Pérez A,Ruz M, Garcia P, Jiménez P, Valencia P, et al. 2023. Nutritional
properties of fish bones: potential applications in the food industry. Food
Rew Int 40: 79-91. https://doi.org/10.1080/87559129.2022.2153136

6. Islam J, Solval KEM. 2025. Recent advancements in marine collagen:
exploring new sources, processing approaches, and nutritional applica-

tions. Mar Drugs 23(5): 190. https://doi.org/10.3390/md23050190

7. Ciosek Z, Kot K, Kosik-Bogacka D, Eanocha-Arendarczyk N, Rotter 1.
2021.The effects of calcium, magnesium, phosphorus, fluoride, and lead
on bone tissue. Biomolecules 11(4): 506. https://doi.org/10.3390/bi
om11040506

8. Hoag LD, Dharmarajan TS.2021. Calcium and Phosphorus. In Pitchu-
moni CS, Dharmarajan T (eds) Geriatric Gastroenterology. Springer,
pp 735-763.

9. Fatmawati S, Istiqgomah SM, Hasanah N, Helan MEIK, Santoso M,
et al. 2025. Physico-chemical characterization of natural nano calci-
um extracted from different fish bones in catfish (Clarias gariepinus)
and snakehead fish (Channa striata). Case Stud Chem Environ Eng 11:
101080. https://doi.org/10.1016/j.cscee.2024.101080

10. Adi AC, Salisa W, Fatmawati S, Isaura ER, Rachmawati H. 2025.
The influence of fish bone powders on the bone density in corticoste-
roid-induced osteoporosis rats. | Bone Metab 32(2): 103-113. https://
doi.org/10.11005/jbm.24.819

11. Tawali AB, Wakiah N, Qanitah K, Asfar M, Sukendar NK, Metusa-
lach. 2019. The effect of sonication time on physicochemical profiles of
the nanocalsium from snake-head fish bone (Channa striata). IOP Conf
Ser Earth Environ Sci 355: 012091. http://dx.doi.org/10.1088/1755-
1315/355/1/012091

Journal of Food Chemistry & Nanotechnology | Volume 11 Issue 2, 2025

101


https://pubmed.ncbi.nlm.nih.gov/33669858/
https://pubmed.ncbi.nlm.nih.gov/33669858/
https://doi.org/10.3390/md19020116
https://www.sciencedirect.com/science/article/abs/pii/S0963996915001568?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996915001568?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0963996915001568?via%3Dihub
https://doi.org/10.1016/j.foodres.2015.04.005
https://pubmed.ncbi.nlm.nih.gov/37844400/
https://pubmed.ncbi.nlm.nih.gov/37844400/
https://doi.org/10.1016/j.jenvman.2023.119266
https://doi.org/10.1016/j.jenvman.2023.119266
https://pubmed.ncbi.nlm.nih.gov/35464014/
https://pubmed.ncbi.nlm.nih.gov/35464014/
https://pubmed.ncbi.nlm.nih.gov/35464014/
https://doi.org/10.3389/fnut.2022.879929
https://doi.org/10.3389/fnut.2022.879929
https://www.tandfonline.com/doi/full/10.1080/87559129.2022.2153136
https://www.tandfonline.com/doi/full/10.1080/87559129.2022.2153136
https://www.tandfonline.com/doi/full/10.1080/87559129.2022.2153136
https://doi.org/10.1080/87559129.2022.2153136
https://pubmed.ncbi.nlm.nih.gov/40422780/
https://pubmed.ncbi.nlm.nih.gov/40422780/
https://pubmed.ncbi.nlm.nih.gov/40422780/
https://doi.org/10.3390/md23050190
https://pubmed.ncbi.nlm.nih.gov/33800689/
https://pubmed.ncbi.nlm.nih.gov/33800689/
https://pubmed.ncbi.nlm.nih.gov/33800689/
https://doi.org/10.3390/bi%09om11040506
https://doi.org/10.3390/bi%09om11040506
https://link.springer.com/rwe/10.1007/978-3-030-30192-7_26
https://link.springer.com/rwe/10.1007/978-3-030-30192-7_26
https://link.springer.com/rwe/10.1007/978-3-030-30192-7_26
https://www.sciencedirect.com/science/article/pii/S2666016424004742?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2666016424004742?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2666016424004742?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2666016424004742?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2666016424004742?via%3Dihub
https://doi.org/10.1016/j.cscee.2024.101080
https://pubmed.ncbi.nlm.nih.gov/40537105/
https://pubmed.ncbi.nlm.nih.gov/40537105/
https://pubmed.ncbi.nlm.nih.gov/40537105/
https://doi.org/10.11005/jbm.24.819
https://doi.org/10.11005/jbm.24.819
https://iopscience.iop.org/article/10.1088/1755-1315/355/1/012091
https://iopscience.iop.org/article/10.1088/1755-1315/355/1/012091
https://iopscience.iop.org/article/10.1088/1755-1315/355/1/012091
https://iopscience.iop.org/article/10.1088/1755-1315/355/1/012091
http://dx.doi.org/10.1088/1755-1315/355/1/012091
http://dx.doi.org/10.1088/1755-1315/355/1/012091

Characteristics of Nanocalcium Derived from Snakehead Fish (Channa striata) Bone Meal using
Ultrasound-assisted Extraction

Herpandi et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Granito RN, Renno ACM, Yamamura H, De Almeida MC, Ruiz
PLM, et al. 2018. Hydroxyapatite from fish for bone tissue engineer-
ing: a promising approach. In¢ J Mol Cell Med 7(2): 80-90. https://doi.
0rg/10.22088/IJ]MCM.BUMS.7.2.80

Hussin MSF, Abdullah HZ, Idris MI, Wahap MAA. 2022. Extraction
of natural hydroxyapatite for biomedical applications—a review. Heliyon
8:1-11. https://doi.org/10.1016/j.heliyon.2022.¢10356

Nam PV, Hoa NV, Trung TS. 2019. Properties of hydroxyapatites pre-
pared from different fish bones: a comparative study. Ceram Int 45(16):
20141-20147. https://doi.org/10.1016/j.ceramint.2019.06.280

Pu'ad MNaS, Koshy P, Abdullah HZ, Idris MI, Lee TC. 2019. Synthe-
ses of hydroxyapatite from natural sources. Heliyon 5(5): 1-14. https://
doi.org/10.1016/j.heliyon.2019.¢01588

Rahayu SYS, Aminingsih T, Fudholi A. 2022. The protective effect of
nano calcium produced from freshwater clam shells on the histopatho-
logical overview of the liver and kidneys of mice exposed to mercury
toxins. J Trace Elem Med Biol 71: 126963. https://doi.org/10.1016/j.
jtemb.2022.126963

Tj CS, Abraham S, Furtado S, Ramesh D, Desai K, et al. 2023. Na-
no-calcium incorporated piscean collagen scaffolds: potential wound
dressing material. Future | Pharm Sci 9: 1-15. https://doi.org/10.1186/
543094-023-00566-1

Anggoro ARV, Arianti RDR, Pujiastuti C, Sumada K, Muljani S. 2024.
Synthesis and characterization of calcium phosphate using two stages
of process. ] Chem Eng Environ 19(1): 72-80. https://doi.org/10.23955/
rkl.v19i1.37829

Desouky M, Aljawad MS, Abduljamiu A, Solling T, Al-Shehri D, et
al. 2024. Temperature, pressure, and duration impacts on the optimal
stiffening of carbonates aged in diammonium phosphate solution. Sci
Rep 14(1): 1-13. https://doi.org/10.1038/s41598-024-57120-2

Guo |, Zhu S, Chen H, Zheng Z, Pang J. 2022. Ultrasound-assisted
solubilization of calcium from micrometer-scale ground fish bone par-
ticles. Food Sci Nutr 10(3): 712-722. https://doi.org/10.1002/fsn3.2696

Carreira-Casais A, Otero P, Garcia-Perez P, Garcia-Oliveira P, Perei-
ra AG, et al. 2021. Benefits and drawbacks of ultrasound-assisted ex-
traction for the recovery of bioactive compounds from marine algae.
Int | Environ Res Public Health 18(17): 9153. https://doi.org/10.3390/
ijerph18179153

Shen L, Pang S, Zhong M, Sun Y, Qayum A, et al. 2023. A compre-
hensive review of ultrasonic assisted extraction (UAE) for bioactive
components: principles, advantages, equipment, and combined tech-
nologies. Ultrason Sonochem 101: 106646. https://doi.org/10.1016/j.
ultsonch.2023.106646

LiuY,Liu M,]Ji S, Zhang L, Cao W, et al. 2021. Preparation and appli-
cation of hydroxyapatite extracted from fish scale waste using deep eu-
tectic solvents. Ceram Int 47(7): 9366-9372. https://doi.org/10.1016/j.
ceramint.2020.12.067

Berghuis NT, Maharani IF, Saskia S, Siregar SW, Gunawan R, et
al. 2023. Utilization of fish bone (Rastrelliger kanagurta) waste as
high calcium flour. Stannum J Sci Appl Chem 5(1): 38-42. https://doi.
0rg/10.33019/jstk.v5i1.4047

Sriuttha M, Chanshotikul N, Hemung B. 2024. Calcium extraction
from catfish bone powder optimized by response surface methodol-
ogy for inducing alginate bead. Heliyon 10(9): ¢30266. https://doi.
org/10.1016/j.heliyon.2024.e30266

Kusumawati P, Triwitono P, Anggrahini S, Pranoto Y. 2022. Nano-cal-
cium powder properties from six commercial fish bone waste in indone-

sia. Squalen 17: 1-12. http://dx.doi.org/10.15578/squalen.601

Lee YH, Eom H, Lee SM, Kim SS.2021. Effects of pH and metal com-
position on selective extraction of calcium from steel slag for Ca(OH),
production. RSC Adv 11(14): 8306-8313. https://doi.org/10.1039/
DORA08497B

Putranto FH, Andi NA, Indrati K. 2015. Properties of belida (Chitala
sp.) fish bone powder as calcium source based on protein hydrolysis
method. Ziraa’ah 41(1): 11-17.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Herpandi, Hanif IT, Widiastuti I, Sudirman S. 2024. Hydroxyapatite
characteristics from snakehead fish (Channa striata) bone via alkali
treatment followed by calcination method. Trap J Nat Prod Res 8(2):
6147-6151. https://doi.org/10.26538/tjnpr/v8i2.12

Mustafa N, Ibrahim MHI, Asmawi R, Amin AM. 2015. Hydroxyapa-
tite extracted from waste fish bones and scales via calcination method.
Appl Mech and Mater 773-774: 287-290. https://doi.org/10.4028/www.
scientific.net/AMM.773-774.287

Venkatesan J, Kim SK. 2010. Effect of temperature on isolation and
characterization of hydroxyapatite from tuna (Zhunnus obesus) bone.
Materials 3(10): 4761-4772. http://dx.doi.org/10.3390/ma3104761

Sumarto, Desmelati, Sari NI, Angraini RM, Arieska L. 2021. Charac-
teristic of nano-calcium bone from a different species of catfish (Panga-
sius hypophthalmus, Clarias batrachus, Hemibagrus nemurus and Paraplo-
tosus albilabris). IOP Conf Ser Earth Environ Sci 695: 1-9. http://dx.doi.
0rg/10.1088/1755-1315/695/1/012055

Balakumar K, Raghavan CV, Selvan NT, Prasad RH, Abdu S.2013. Self
nanoemulsifying drug delivery system (snedds) of Rosuvastatin calcium:
design, formulation, bioavailability and pharmacokinetic evaluation.
Colloids Surf B Biointerfaces 112: 337-343. https://doi.org/10.1016/j.
colsurfb.2013.08.025

Association of Official Analytical Chemists. 2000. Association of Of-
ficial Analytical Chemists (AOAC) International 17" Edition. USA
Association of Analytical Communities, Gaithersburg, MD.

Muryati M, Hariani PL, Said M. 2019. Preparation and characteriza-
tion nanoparticle calcium oxide from snakehead fish bone using ball
milling method. Indones | Fundam Appl Chem 4(3): 111-115. https://
doi.org/10.24845/ijfac.v4.i3.111

Godoy K, Sandoval C, Visquez C, Manterola-Barroso C, Toledo B, et al.
2023. Osteogenic and microstructural characterization in normal versus
deformed jaws of rainbow trout (Oncorhynchus mykiss) from freshwater.
Front Mar Sci 10: 1-15. https://doi.org/10.3389/fmars.2023.1301449

Prinaldi WV, Suptijah P, Uju U. 2018. Physicochemical character-
istics of nanocalcium extract from bones of yellowfin tuna (Zhunnus
albacares). ] Pengolah Has Perikan Indones 21(3): 385-395. https://doi.
org/10.17844/iphpi.v21i3.24708

Anggraeni N, Dewi EN, Susanto AB, Riyadi PH. 2024. Characteri-
zation of red snapper (Lutjanus malabaricus) bone nanocalcium with
variations in extraction time. J Pengolah Has Perikan Indones 27(3): 197-
207. https://doi.org/10.17844/jphpi.v27i3.50268

Litaay C, Santoso J. 2013. The effects of different immersion method
and time on the physico-chemical characteristics of skipjack tuna (Kaz-
suwonus pelamis) fish meal. J Ilmu Teknol Kelautan Tropis 5(1): 85-92.

Chemat F, Rombaut N, Sicaire AG, Meullemiestre A, Fabiano-T'ix-
ier AS, et al. 2017. Ultrasound assisted extraction of food and natu-
ral products. Mechanisms, techniques, combinations, protocols and
applications. a review. Ultrason Sonochem 34: 540-560. https://doi.
0rg/10.1016/j.ultsonch.2016.06.035

Gorguc A, Bircan C, Yilmaz FM. 2019. Sesame bran as an unexploited
by-product: Effect of enzyme and ultrasound-assisted extraction on the
recovery of protein and antioxidant compounds. Food Chem 283: 637-
645. https://doi.org/10.1016/j.foodchem.2019.01.077

Yang C, Liu W, Zhu X, Zhang X, Wei Y, et al. 2024. Ultrasound-assist-
ed enzymatic digestion for efficient extraction of proteins from quinoa.
LWT194: 115784. https://doi.org/10.1016/j.lwt.2024.115784

Safithri M, Tarman K, Suptijah P, Sagita SN. 2020. Characteristics of
Stichopus variegatus acid solution collagen. J Pengolah Has Perikan In-
dones 23: 166-177. http://dx.doi.org/10.17844/jphpi.v23i1.31063

Satria W, Nazarudin N, Mursalin M. 2024. The effect of NaOH con-
centration on the physical and chemical properties of jerbung shrimp
(Fenneropenaeus merguiensis De Man) waste powder. J Bio-Geo Mater
Energy 4(1): 9-17. http://dx.doi.org/10.22437/jbigme.v4i1.31975

Pang S, Su FY, Green A, Salim J, McKittrick J, et al. 2021. Comparison
of different protocols for demineralization of cortical bone. Scientific Re-
ports 11: 1-10. https://doi.org/10.1038/541598-021-86257-4

Journal of Food Chemistry & Nanotechnology | Volume 11 Issue 2, 2025

102


https://pubmed.ncbi.nlm.nih.gov/30276163/
https://pubmed.ncbi.nlm.nih.gov/30276163/
https://pubmed.ncbi.nlm.nih.gov/30276163/
https://doi.org/10.22088/IJMCM.BUMS.7.2.80
https://doi.org/10.22088/IJMCM.BUMS.7.2.80
https://pubmed.ncbi.nlm.nih.gov/36082327/
https://pubmed.ncbi.nlm.nih.gov/36082327/
https://pubmed.ncbi.nlm.nih.gov/36082327/
https://doi.org/10.1016/j.heliyon.2022.e10356
https://www.sciencedirect.com/science/article/abs/pii/S0272884219317936?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0272884219317936?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0272884219317936?via%3Dihub
https://doi.org/10.1016/j.ceramint.2019.06.280
https://pubmed.ncbi.nlm.nih.gov/31080905/
https://pubmed.ncbi.nlm.nih.gov/31080905/
https://doi.org/10.1016/j.heliyon.2019.e01588
https://doi.org/10.1016/j.heliyon.2019.e01588
https://pubmed.ncbi.nlm.nih.gov/35231878/
https://pubmed.ncbi.nlm.nih.gov/35231878/
https://pubmed.ncbi.nlm.nih.gov/35231878/
https://pubmed.ncbi.nlm.nih.gov/35231878/
https://doi.org/10.1016/j.jtemb.2022.126963
https://doi.org/10.1016/j.jtemb.2022.126963
https://fjps.springeropen.com/articles/10.1186/s43094-023-00566-1
https://fjps.springeropen.com/articles/10.1186/s43094-023-00566-1
https://fjps.springeropen.com/articles/10.1186/s43094-023-00566-1
https://doi.org/10.1186/s43094-023-00566-1
https://doi.org/10.1186/s43094-023-00566-1
https://jurnal.usk.ac.id/RKL/article/view/37829
https://jurnal.usk.ac.id/RKL/article/view/37829
https://jurnal.usk.ac.id/RKL/article/view/37829
https://doi.org/10.23955/rkl.v19i1.37829
https://doi.org/10.23955/rkl.v19i1.37829
https://pubmed.ncbi.nlm.nih.gov/38499649/
https://pubmed.ncbi.nlm.nih.gov/38499649/
https://pubmed.ncbi.nlm.nih.gov/38499649/
https://pubmed.ncbi.nlm.nih.gov/38499649/
https://doi.org/10.1038/s41598-024-57120-z
https://pubmed.ncbi.nlm.nih.gov/35282006/
https://pubmed.ncbi.nlm.nih.gov/35282006/
https://pubmed.ncbi.nlm.nih.gov/35282006/
https://doi.org/10.1002/fsn3.2696
https://pubmed.ncbi.nlm.nih.gov/34501743/
https://pubmed.ncbi.nlm.nih.gov/34501743/
https://pubmed.ncbi.nlm.nih.gov/34501743/
https://pubmed.ncbi.nlm.nih.gov/34501743/
https://doi.org/10.3390/ijerph18179153
https://doi.org/10.3390/ijerph18179153
https://pubmed.ncbi.nlm.nih.gov/37862945/
https://pubmed.ncbi.nlm.nih.gov/37862945/
https://pubmed.ncbi.nlm.nih.gov/37862945/
https://pubmed.ncbi.nlm.nih.gov/37862945/
https://doi.org/10.1016/j.ultsonch.2023.106646
https://doi.org/10.1016/j.ultsonch.2023.106646
https://www.sciencedirect.com/science/article/abs/pii/S0272884220336658?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0272884220336658?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0272884220336658?via%3Dihub
https://doi.org/10.1016/j.ceramint.2020.12.067
https://doi.org/10.1016/j.ceramint.2020.12.067
https://journal.ubb.ac.id/stannum/article/view/4047
https://journal.ubb.ac.id/stannum/article/view/4047
https://journal.ubb.ac.id/stannum/article/view/4047
https://doi.org/10.33019/jstk.v5i1.4047
https://doi.org/10.33019/jstk.v5i1.4047
https://pubmed.ncbi.nlm.nih.gov/38720710/
https://pubmed.ncbi.nlm.nih.gov/38720710/
https://pubmed.ncbi.nlm.nih.gov/38720710/
https://doi.org/10.1016/j.heliyon.2024.e30266
https://doi.org/10.1016/j.heliyon.2024.e30266
https://www.bbp4b.litbang.kkp.go.id/squalen-bulletin/index.php/squalen/article/view/601
https://www.bbp4b.litbang.kkp.go.id/squalen-bulletin/index.php/squalen/article/view/601
https://www.bbp4b.litbang.kkp.go.id/squalen-bulletin/index.php/squalen/article/view/601
http://dx.doi.org/10.15578/squalen.601
https://pubmed.ncbi.nlm.nih.gov/35423306/
https://pubmed.ncbi.nlm.nih.gov/35423306/
https://pubmed.ncbi.nlm.nih.gov/35423306/
https://doi.org/10.1039/D0RA08497B
https://doi.org/10.1039/D0RA08497B
https://tjnpr.org/index.php/home/article/view/3543
https://tjnpr.org/index.php/home/article/view/3543
https://tjnpr.org/index.php/home/article/view/3543
https://tjnpr.org/index.php/home/article/view/3543
https://doi.org/10.26538/tjnpr/v8i2.12
https://www.scientific.net/AMM.773-774.287
https://www.scientific.net/AMM.773-774.287
https://www.scientific.net/AMM.773-774.287
https://doi.org/10.4028/www.scientific.net/AMM.773-774.287
https://doi.org/10.4028/www.scientific.net/AMM.773-774.287
https://pubmed.ncbi.nlm.nih.gov/28883351/
https://pubmed.ncbi.nlm.nih.gov/28883351/
https://pubmed.ncbi.nlm.nih.gov/28883351/
http://dx.doi.org/10.3390/ma3104761
https://iopscience.iop.org/article/10.1088/1755-1315/695/1/012055
https://iopscience.iop.org/article/10.1088/1755-1315/695/1/012055
https://iopscience.iop.org/article/10.1088/1755-1315/695/1/012055
https://iopscience.iop.org/article/10.1088/1755-1315/695/1/012055
http://dx.doi.org/10.1088/1755-1315/695/1/012055
http://dx.doi.org/10.1088/1755-1315/695/1/012055
https://pubmed.ncbi.nlm.nih.gov/24012665/
https://pubmed.ncbi.nlm.nih.gov/24012665/
https://pubmed.ncbi.nlm.nih.gov/24012665/
https://pubmed.ncbi.nlm.nih.gov/24012665/
https://doi.org/10.1016/j.colsurfb.2013.08.025
https://doi.org/10.1016/j.colsurfb.2013.08.025
https://ijfac.unsri.ac.id/index.php/ijfac/article/view/148/79
https://ijfac.unsri.ac.id/index.php/ijfac/article/view/148/79
https://ijfac.unsri.ac.id/index.php/ijfac/article/view/148/79
https://doi.org/10.24845/ijfac.v4.i3.111
https://doi.org/10.24845/ijfac.v4.i3.111
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2023.1301449/full
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2023.1301449/full
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2023.1301449/full
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2023.1301449/full
https://doi.org/10.3389/fmars.2023.1301449
https://journal.ipb.ac.id/index.php/jphpi/article/view/24708
https://journal.ipb.ac.id/index.php/jphpi/article/view/24708
https://journal.ipb.ac.id/index.php/jphpi/article/view/24708
https://doi.org/10.17844/jphpi.v21i3.24708
https://doi.org/10.17844/jphpi.v21i3.24708
https://journal.ipb.ac.id/index.php/jphpi/article/view/50268
https://journal.ipb.ac.id/index.php/jphpi/article/view/50268
https://journal.ipb.ac.id/index.php/jphpi/article/view/50268
https://journal.ipb.ac.id/index.php/jphpi/article/view/50268
https://doi.org/10.17844/jphpi.v27i3.50268
https://journal.ipb.ac.id/index.php/jurnalikt/article/view/7753
https://journal.ipb.ac.id/index.php/jurnalikt/article/view/7753
https://journal.ipb.ac.id/index.php/jurnalikt/article/view/7753
https://pubmed.ncbi.nlm.nih.gov/27773280/
https://pubmed.ncbi.nlm.nih.gov/27773280/
https://pubmed.ncbi.nlm.nih.gov/27773280/
https://pubmed.ncbi.nlm.nih.gov/27773280/
https://doi.org/10.1016/j.ultsonch.2016.06.035
https://doi.org/10.1016/j.ultsonch.2016.06.035
https://pubmed.ncbi.nlm.nih.gov/30722922/
https://pubmed.ncbi.nlm.nih.gov/30722922/
https://pubmed.ncbi.nlm.nih.gov/30722922/
https://pubmed.ncbi.nlm.nih.gov/30722922/
https://doi.org/10.1016/j.foodchem.2019.01.077
https://www.sciencedirect.com/science/article/pii/S002364382400063X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S002364382400063X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S002364382400063X?via%3Dihub
https://doi.org/10.1016/j.lwt.2024.115784
https://journal.ipb.ac.id/index.php/jphpi/article/view/31063
https://journal.ipb.ac.id/index.php/jphpi/article/view/31063
https://journal.ipb.ac.id/index.php/jphpi/article/view/31063
http://dx.doi.org/10.17844/jphpi.v23i1.31063
https://online-journal.unja.ac.id/bigme/article/view/31975
https://online-journal.unja.ac.id/bigme/article/view/31975
https://online-journal.unja.ac.id/bigme/article/view/31975
https://online-journal.unja.ac.id/bigme/article/view/31975
http://dx.doi.org/10.22437/jbigme.v4i1.31975
https://pubmed.ncbi.nlm.nih.gov/33782429/
https://pubmed.ncbi.nlm.nih.gov/33782429/
https://pubmed.ncbi.nlm.nih.gov/33782429/
https://doi.org/10.1038/s41598-021-86257-4

Characteristics of Nanocalcium Derived from Snakehead Fish (Channa striata) Bone Meal using
Ultrasound-assisted Extraction

Herpandi et al.

46

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

. Pramudi GY, Sulmartiwi L, Tjahjaningsih W, Mashitah ED, Patmawa-
ti, et al. 2020. Characterization of nano calcium powder from blood
cockle (Anadara sp.) shell produced by using different hydrochloric acid
concentration. IOP Conf Ser Earth Environ Sci 441: 012142 https://doi.
0rg/10.1088/1755-1315/441/1/012142

Benjakul S, Mad-Ali S, Sookchoo P. 2017. Characteristics of biocalci-
um powders from pre-cooked tongol (Zhunnus tonggol) and yellowfin
(Thunnus albacores) tuna bones. Food Biophys 12(4): 412—-421. https://
doi.org/10.1007/s11483-017-9497-0

Singh R, Lillard JW. 2009. Nanoparticle-based targeted drug deliv-
ery. Exp Mol Pathol 86(3): 215-223. https://doi.org/10.1016/j.yex-
mp.2008.12.004

Malahayati N, Widowati TW, Alsoyuna NS. 2021. The effect of ex-
traction time on the physicochemical characteristics of nanocalcium
powder from chicken and duck eggshells. Potr Slovak J Food Sci 15:
712-722. https://doi.org/10.5219/1675

Putra A, Nurminah M, Ginting S. 2021. Instant porridge from natural
local resources (orange sweet potato, carrot, and red bean) with highly
nutritious as an alternative food source. IOP Conf Ser Earth Environ Sci
912(1): 012041. http://dx.doi.org/10.1088/1755-1315/912/1/012041

Ratnawati SE, Ekantari N, Ustadi. 2020. The utilization of catfish bone
waste as microcalcium by different preparation methods. E3S Web Conf'
147: 1-9. https://doi.org/10.1051/e3sconf/202014703031

Bechtel PJ, Watson MA, Lea JM, Bett-Garber KL, Bland JM. 2019.
Properties of bone from catfish heads and frames. Food Sci Nutr 7(4):
1396-1405. https://doi.org/10.1002/fsn3.974

Carmona FJ, Guagliardi A, Masciocchi N. 2022. Nanosized calcium
phosphates as novel macronutrient nano-fertilizers. Nanomaterials
12(15): 2709. https://doi.org/10.3390/nan012152709

Takeda E, Yamamoto H, Yamanaka-Okumura H, Taketani Y. 2014.
Increasing dietary phosphorus intake from food additives: potential for
negative impact on bone health. 4dv Nur 5(1): 92-97. http://dx.doi.
org/10.3945/an.113.004002

Murray SL, Wolf M. 2024. Calcium and phosphate disorders: core
curriculum 2024. American J Kidney Dis 83(2): 241-256. https://doi.
01g/10.1053/}.ajkd.2023.04.017

Loughrill E, Wray D, Christides T, Zand N. 2016. Calcium to phos-
phorus ratio, essential elements and vitamin d content of infant foods
in the UK: possible implications for bone health. Matern Child Nutr 13:
¢12368. https://doi.org/10.1111/mcn.12368

Gutiérrez OM, Porter AK, Viggeswarapu M, Roberts JL, Beck GR.
2020. Effects of phosphorus and calcium to phosphorus consumption
ratio on mineral metabolism and cardiometabolic health. ] Nusr Biochem
80: 108374 https://doi.org/10.1016/j.jnutbio.2020.108374

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Wijayanti I, Agustini TW, Swastawati F, Anggo AD, Afifah DN. 2024.
Optimization of catfish (Pangasius sp) bone bio-calcium production
with different concentrations of citric acid and stirring time using
the response surface method (RSM) approach. Squalen 19(2): 81-95.
https://doi.org/10.15578/squalen.867

Paterlini V, Bettinelli M, Rizzi R, ElI-Khouri A, Rossi M, et al. 2020.
Characterization and luminescence of Eu*- and Gd*'- doped hydroxy-
apatite Ca, (PO,) (OH),. Crystals 10(9): 806. https://doi.org/10.3390/
cryst10090806

Sunardi S, Ayun NAQ, Dari QW, Aminuddin ], Bilalodin B, et al.
2024. Synthesized-hydroxyapatite powder from Anadara granosa shells
using deposition time method for biomedical applications. Jurnal Ilmu
Fisika Universitas Andalas 16(1): 88-96. https://doi.org/10.25077/
jif.16.1.88-96.2024

Kono T, Sakae T, Nakada H, Kaneda T, Okada H. 2022. Confusion be-
tween carbonate apatite and biological apatite (carbonated hydroxyap-
atite) in bone and teeth. Minerals 12(2): 170. https://doi.org/10.3390/
min12020170

Rahyussalim AJ, Supriadi S, Marsetio AF, Pribadi PM, Suharno B.
2019. The potential of carbonate apatite as an alternative bone sub-
stitute material. Med ] Indo 28: 92-97. https://doi.org/10.13181/miji.
v28i1.2681

Irawan V, Akaike K, Mizuno HL, Anraku Y, Sotome S, et al. 2025.
Comparative study on the sintered porous A-type carbonate apatite,
B-type carbonate apatite, and hydroxyapatite. J Am Ceram Soc 2025:
€20389. https://doi.org/10.1111/jace.20389

Weisany W, Yousefi S, Tahir NAR, Golestanehzadeh N, McClements
D], et al. 2022. Targeted delivery and controlled released of essential
oils using nanoencapsulation: a review. Advances in Colloid and Interface
Science 303: 102655. https://doi.org/10.1016/j.¢is.2022.102655

Hakim LK, Yari A, Nikparto N, Mehraban SH, Cheperli S, et al. 2024.
The current applications of nano and biomaterials in drug delivery of
dental implant. BMC Oral Health 24(1): 1-15. https://doi.org/10.1186/
§12903-024-03911-9

Ouyang X-K, Zhao L, Jiang F, Ling J, Yang L-Y, et al. 2022. Cellulose
nanocrystal/calcium alginate-based porous microspheres for rapid he-
mostasis and wound healing. Carbohydr Polym 293: 119688. https://doi.
org/10.1016/j.carbpol.2022.119688

Bogdanoviciene I, Beganskiene A, Tonsuaadu K, Glaser ], Meyer HJ,
et al. 2006. Calcium hydroxyapatite, Ca, (PO,)6(OH), ceramics pre-
pared by aqueous sol—gel processing. Mater Res Bull 41(9): 1754-1762.
https://doi.org/10.1016/j.materresbull.2006.02.016

Journal of Food Chemistry & Nanotechnology | Volume 11 Issue 2, 2025

103


https://iopscience.iop.org/article/10.1088/1755-1315/441/1/012142
https://iopscience.iop.org/article/10.1088/1755-1315/441/1/012142
https://iopscience.iop.org/article/10.1088/1755-1315/441/1/012142
https://iopscience.iop.org/article/10.1088/1755-1315/441/1/012142
https://doi.org/10.1088/1755-1315/441/1/012142
https://doi.org/10.1088/1755-1315/441/1/012142
https://link.springer.com/article/10.1007/s11483-017-9497-0
https://link.springer.com/article/10.1007/s11483-017-9497-0
https://link.springer.com/article/10.1007/s11483-017-9497-0
https://doi.org/10.1007/s11483-017-9497-0
https://doi.org/10.1007/s11483-017-9497-0
https://pubmed.ncbi.nlm.nih.gov/19186176/
https://pubmed.ncbi.nlm.nih.gov/19186176/
https://doi.org/10.1016/j.yexmp.2008.12.004
https://doi.org/10.1016/j.yexmp.2008.12.004
https://potravinarstvo.com/journal1/index.php/potravinarstvo/article/view/1675
https://potravinarstvo.com/journal1/index.php/potravinarstvo/article/view/1675
https://potravinarstvo.com/journal1/index.php/potravinarstvo/article/view/1675
https://potravinarstvo.com/journal1/index.php/potravinarstvo/article/view/1675
https://doi.org/10.5219/1675
https://iopscience.iop.org/article/10.1088/1755-1315/912/1/012041
https://iopscience.iop.org/article/10.1088/1755-1315/912/1/012041
https://iopscience.iop.org/article/10.1088/1755-1315/912/1/012041
https://iopscience.iop.org/article/10.1088/1755-1315/912/1/012041
http://dx.doi.org/10.1088/1755-1315/912/1/012041
https://www.e3s-conferences.org/articles/e3sconf/abs/2020/07/e3sconf_ismfr20_03031/e3sconf_ismfr20_03031.html
https://www.e3s-conferences.org/articles/e3sconf/abs/2020/07/e3sconf_ismfr20_03031/e3sconf_ismfr20_03031.html
https://www.e3s-conferences.org/articles/e3sconf/abs/2020/07/e3sconf_ismfr20_03031/e3sconf_ismfr20_03031.html
https://doi.org/10.1051/e3sconf/202014703031
https://pubmed.ncbi.nlm.nih.gov/31024713/
https://pubmed.ncbi.nlm.nih.gov/31024713/
https://pubmed.ncbi.nlm.nih.gov/31024713/
https://doi.org/10.1002/fsn3.974
https://pubmed.ncbi.nlm.nih.gov/35957141/
https://pubmed.ncbi.nlm.nih.gov/35957141/
https://pubmed.ncbi.nlm.nih.gov/35957141/
https://doi.org/10.3390/nano12152709
https://pubmed.ncbi.nlm.nih.gov/24425727/
https://pubmed.ncbi.nlm.nih.gov/24425727/
https://pubmed.ncbi.nlm.nih.gov/24425727/
http://dx.doi.org/10.3945/an.113.004002
http://dx.doi.org/10.3945/an.113.004002
https://pubmed.ncbi.nlm.nih.gov/38099870/
https://pubmed.ncbi.nlm.nih.gov/38099870/
https://doi.org/10.1053/j.ajkd.2023.04.017
https://doi.org/10.1053/j.ajkd.2023.04.017
https://pubmed.ncbi.nlm.nih.gov/27612307/
https://pubmed.ncbi.nlm.nih.gov/27612307/
https://pubmed.ncbi.nlm.nih.gov/27612307/
https://pubmed.ncbi.nlm.nih.gov/27612307/
https://doi.org/10.1111/mcn.12368
https://pubmed.ncbi.nlm.nih.gov/32278118/
https://pubmed.ncbi.nlm.nih.gov/32278118/
https://pubmed.ncbi.nlm.nih.gov/32278118/
https://pubmed.ncbi.nlm.nih.gov/32278118/
https://doi.org/10.1016/j.jnutbio.2020.108374
https://www.bbp4b.litbang.kkp.go.id/squalen-bulletin/index.php/squalen/article/view/867
https://www.bbp4b.litbang.kkp.go.id/squalen-bulletin/index.php/squalen/article/view/867
https://www.bbp4b.litbang.kkp.go.id/squalen-bulletin/index.php/squalen/article/view/867
https://www.bbp4b.litbang.kkp.go.id/squalen-bulletin/index.php/squalen/article/view/867
https://doi.org/10.15578/squalen.867
https://www.mdpi.com/2073-4352/10/9/806
https://www.mdpi.com/2073-4352/10/9/806
https://www.mdpi.com/2073-4352/10/9/806
https://doi.org/10.3390/cryst10090806
https://doi.org/10.3390/cryst10090806
https://jif.fmipa.unand.ac.id/index.php/jif/article/view/602
https://jif.fmipa.unand.ac.id/index.php/jif/article/view/602
https://jif.fmipa.unand.ac.id/index.php/jif/article/view/602
https://jif.fmipa.unand.ac.id/index.php/jif/article/view/602
https://doi.org/10.25077/jif.16.1.88-96.2024
https://doi.org/10.25077/jif.16.1.88-96.2024
https://www.mdpi.com/2075-163X/12/2/170
https://www.mdpi.com/2075-163X/12/2/170
https://www.mdpi.com/2075-163X/12/2/170
https://doi.org/10.3390/min12020170
https://doi.org/10.3390/min12020170
https://mji.ui.ac.id/journal/index.php/mji/article/view/2681
https://mji.ui.ac.id/journal/index.php/mji/article/view/2681
https://mji.ui.ac.id/journal/index.php/mji/article/view/2681
https://doi.org/10.13181/mji.v28i1.2681
https://doi.org/10.13181/mji.v28i1.2681
https://ceramics.onlinelibrary.wiley.com/doi/10.1111/jace.20389
https://ceramics.onlinelibrary.wiley.com/doi/10.1111/jace.20389
https://ceramics.onlinelibrary.wiley.com/doi/10.1111/jace.20389
https://ceramics.onlinelibrary.wiley.com/doi/10.1111/jace.20389
https://doi.org/10.1111/jace.20389
https://pubmed.ncbi.nlm.nih.gov/35364434/
https://pubmed.ncbi.nlm.nih.gov/35364434/
https://pubmed.ncbi.nlm.nih.gov/35364434/
https://pubmed.ncbi.nlm.nih.gov/35364434/
https://doi.org/10.1016/j.cis.2022.102655
https://pubmed.ncbi.nlm.nih.gov/38267933/
https://pubmed.ncbi.nlm.nih.gov/38267933/
https://pubmed.ncbi.nlm.nih.gov/38267933/
https://doi.org/10.1186/s12903-024-03911-9
https://doi.org/10.1186/s12903-024-03911-9
https://pubmed.ncbi.nlm.nih.gov/35798437/
https://pubmed.ncbi.nlm.nih.gov/35798437/
https://pubmed.ncbi.nlm.nih.gov/35798437/
https://doi.org/10.1016/j.carbpol.2022.119688
https://doi.org/10.1016/j.carbpol.2022.119688
https://www.sciencedirect.com/science/article/abs/pii/S0025540806000778?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0025540806000778?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0025540806000778?via%3Dihub
https://doi.org/10.1016/j.materresbull.2006.02.016

	Abstract
	Keywords
	Introduction
	Materials and Methods
	Production of snakehead fish bone meal
	Production of nanocalcium
	Whiteness, particle size, and proximate analysis
	Ca, P, and function group analysis
	Data analysis

	Results and Discussion
	Yield of nanocalcium from snakehead fish bone meal
	Whiteness
	Particle size
	Moisture and ash contents
	Ca and P contents
	Functional groups of nanocalcium

	Conclusion
	Acknowledgements
	Conflict of Interest
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 1

