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Abstrack

Tuna is a fishery product that has high economic value. In processing, many parts of
Tuna have not been fully utilized. Tuna fish bones are mostly left alone even though
they can be used as a bioceramic from the hydroxyapatite. The bioceramics of Tuna
Fish Bone Hydroxyapatite can be utilized in the medical field and this certainly helps in
utilizing fishery waste products.
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Introducing

Indonesia has abundant marine natural resources, one of which is Tuna. Tuna
has high economic value, and is one of the largest foreign exchange earners after shrimp.
However, the utilization is still limited to the meat, while for other parts it has not been
fully utilized (Nurilmala, et al, 2006: 22) [5]. So it is necessary to use fishery waste as a
form of concern for environmental preservation.

According to.-M. Nabil (2005), fish contains organic waste with the main
component of bones. Fish bones account for 10% of the total body weight of fish, which
is one of the fish processing wastes. [8] In the fisheries industry waste fish bones and
scales can be reprocessed into fertilizer or even reprocessed to obtain a biomaterial
called calcium hydroxyphosphate or hydroxyapatite (HAP) [13]. HAP (Cal0 (PO4) 6
(OH) 2) is derived from fish bone waste containing calcium, phosphorus and carbonate
[10]. HAP is biocompatible, non-toxic and non-inflammatory [12].

Tuna Fish (Thunnus sp.)

Tuna is a large pelagic fish that can swim fast and sway very far [1], when it is
caught mature enough the tuna will travel long distances and then return to its breeding
area [19]. Classification of Tuna (Thunnus sp.) According to Myers, P., et al (2021), is
as follows [6]:

Kingdom : Animalia
Phylum : Chordata
Class . Actinopterygii
Order : Perciformes
Family : Scombridae
Genus : Thunnus

Tuna fish has a standard length (PB) ranging from 56.0-103.8 cm, head length
(PK) between 15.1-29.0 cm, length of the first dorsal fin (PD1) between 13.6-21.4 cm,
second dorsal fin length (PD2) between 4.0-8.9 cm, pectoral length (PP) between 10.7-
31.3 cm, height (TB) between 17.1-31.3 cm [4] . Tuna can be found at depths of 35-300
m with temperatures of 120-170C [3]. Tuna fish has a high nutritional content. This is
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influenced by species, species, age, season, metabolic rate, movement activity, season
and level of gonad maturity [7].

Process

According to V.P Orlovskii (2002), making HAP can be done through two main
methods, namely synthetically and from natural sources. HAP derived from natural
sources has better metabolic activity, is cost-effective and reduces environmental
problems [16]. In addition, synthetic HAPs are time consuming, complex, and
expensive. According to Nayak (2010), over time, hydroxyapatite synthesis can be
carried out by several methods such as the sol-gel approach technique, hydrothermal
technique, biomimetic technique, deposition technique, electrodeposition technique and
others. Hydrothermal synthesis is a popular technique because it can produce particles
with good crystallinity and do not experience agglomeration, and produce uniform
shapes and compositions (Suchanek and Richard, 2006: 184). Hydrothermal synthesis
in the process utilizes single-phase reactions at high temperature (T> 250C) and
pressure (P> 100 kPa) [5].

The tools used in the extraction of hydroxyapatite from fish bones include
digital balance (accuracy 0.001 g), oven (maximum temperature 2109C, room capacity
150 L, 220 V), hammer mill (Fritsch Pelverisette, 100 mm), sieves / filters (Retsch
Sieve and Shaker AS 200 basic, 100 mm / 150 mm / 200 mm), furnace (Vulcan 3-130
and Nabertherm, temperature range 50-1,1009C, 220-240 V, 1,060 W). And the tools
used for FTIR analysis are the Bruker Tensor 27 spectrophotometer (spectrum range
4,000-400 cm-1, with KBr standard beam splitter, interferometer: Rocksolid, detector:
digitech detector system), X-ray Diff ractometer device SHIMADZU brand type XD-
610 (Cu NF type X-ray tube, vertical type geniometer with a scanning radius of 185 mm
and a scanning angle range of -6 ° ~ 163 ° (20),-180 ° ~ 180°° (0) [18].

The first step in the manufacture of hydroxyapatite is the preparation of tuna [9].
Preparation is done to remove the remaining meat that is still attached. Preparation
begins with boiling 2 kg of fish bones. Boiling was carried out at a temperature of 80C
for 30 minutes. After that, cleaning the meat that is still attached and washing it with
water and finally washing it with distilled water. Then, soaking with acetone solution
(ratio of fish bones to acetone is 1: 2) for 24 hours, to remove various other impurities.
[18].

Then hydroxyapatite synthesis was carried out with sintering temperature
variations of 400 ° C, 600 ° C, and 800 ° C for 6 hours (Venkatesan and Kim, 2010).
The hydroxyapatite obtained was analyzed by several tests including: yield, proximate,
whiteness and heavy metals (Hg, Pb, and Cd) and mineral analysis with AAS. Tuna fish
bone nanohydroxyapatite is made by sizing (size reduction) hydroxyapatite from the
results of the best sintering temperature treatment method, followed by Nanoblend Ball
Mill for a certain time (modification Rajkumar et al., 2011). The resulting
nanohydroxyapatite particles were measured using PSA, morphological analysis of
crystallinity using XRD and functional group analysis using FTIR. [9].

With the flashlight temperature, the yield decreased. This can be expected to

occur due to the loss of water content and organic matter contained in the powder [20].
In addition, the crystallinity will be higher as the temperature used in the sintering
process increases. The following is a proximate table composition obtained from Fish
Bone Flour:
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Tabel.1 Proximate Composition of Tuna Fish Bone Flour [17]

Proximate (%)

Sample - -

Moisture Ash Protein Fat
Bone powder 4.25+0.22*  72.02+0.37° 15.30+0.09*  1.53+0.05°
Milling 0.524+0.04° 98.43+0.42* 0.46+0.02° 0.39+0.02°
NaOH 0.37+0.04>  98.66+0.56* 0.39+0.02°  0.24+0.02¢
HCI 0.33+0.05 99.03+0.47* 0.194+0.01¢ 0.224+0.02¢

Please note that there are chemicals used in the synthesis route, which are
dangerous and corrosive such as phosphorus (P) which can cause damage to blood
vessels when inhaled. For this reason, caution is needed in conducting research [2].

Utilization

Hydroxyapatite is a bioceramic whose composition and structure are almost the
same as that of natural bone mineral. In medicine, the use of hydroxyapatite is used in
the fields of orthopedics, neurosurgery and dentistry. In teeth, hydroxyapatite is used as
a filler in holes or cavities [11]. 70% matched human osteoblast cells [15]. Indonesia, as
a country with the highest number of fracture sufferers in Asia, is certainly greatly
helped by the use of hydroxyapatite, because it is possible to be used as a
remineralization and repair material for hard tissue because it is composed of calcium
and phosphate which are similar to bone constituents [6]. However, the use of
hydroxyapatite as a bone implant is very vulnerable, because it is easy to brittle [14].

Conclution
The bioceramics of Tuna Fish Bone Hydroxyapatite can be utilized in the
medical field and this certainly helps in utilizing fishery waste products.

References

[1] Adi, I. G., As-syakur, A. R., & Novianto, D. (2016). Karakteristik Ikan Tuna sirip
biru selatan ( Thunnus maccoyii ) Hasil Tangkapan Kapal Rawai Tuna yang
didaratkan di Pelabuhan Benoa. February 2020.
https://doi.org/10.24843/jmas.2016.v2.i102.78-83

[2] Agbeboh, N. I, Oladele, I. O., Daramola, O. O., Adediran, A. A., Olasukanmi, O.
O., & Tanimola, M. O. (2020). Environmentally sustainable processes for the
synthesis of hydroxyapatite. Heliyon, 6(4), e03765.
https://doi.org/10.1016/j.heliyon.2020.e03765

[3] Barata, A., Novianto, D., & Metode, M. (2012). Sebaran lkan Tuna Berdasarkan
Suhu dan Kedalaman di Samudera Hindia. lImu Kelautan - Indonesian Journal of
Marine Sciences, 16(3), 165-170. https://doi.org/10.14710/ik.ijms.16.3.165-170

[4] Burhanis, Dietriech G. B., & Mulyono S. B. 2018. KARAKTER
MORFOMETRIK DAN ASOSIASI TUNA SIRIP KUNING Thunnus albacares
DAN TUNA BAMBULO Gymnosarda unicolor (Ruppell) DI PERAIRAN
SIMEULUE, PROVINSI ACEH. Jurnal llmu dan Teknologi Kelautan Tropis, Vol.
10 No. 2, HIm. 455-466.

GSJ© 2021
www.globalscientificjournal.com


https://doi.org/10.24843/jmas.2016.v2.i02.78-83
https://doi.org/10.1016/j.heliyon.2020.e03765
https://doi.org/10.14710/ik.ijms.16.3.165-170

GSJ: Volume 9, Issue 4, April 2021
ISSN 2320-9186 723

[5] Chadijah, S., Hardiyanti, & Sappewali. (2018). Sintesis dan Karakterisasi
Hidroksiapatit Dari Tulang Ikan Tuna (Thunnus albacores) Dengan XRF, FTIR,
dan XRD. Al-Kimia, 6(2).

[6] Gintu, A. R., Betty, E., Kristiani, E., Biologi, M., Biologi, F., Kristen, U., Wacana,
S., Bilogi, F., Kristen, U., Wacana, S., Kristen, U., & Wacana, S. (2020).
Biokeramik Hidroksiapatit ( HAp ) Berbahan Dasar Cangkang Tiram Anodonta
nuttaliana dari Danau Poso Bioceramic Hydroxiapatite ( HAp ) Made From
Anodonta nuttaliana Clams Shells fromPoso Lake. 17(2), 86-92.

[7] Hadinoto, S., & Syarifuddin I. (2018). PROPORSI DAN KADAR PROKSIMAT
BAGIAN TUBUH IKAN TUNA EKOR KUNING ( Thunnus albacares ) DARI
PERAIRAN MALUKU. Majalah BIAM 14 (02) 51-57.

[8] Handayani, A., Giat, S., Deswita, S., Dan, P., Hidroksiapatit, K., Dari, B., Ikan, T.,
& Kerja, C. (2012). Preparasi dan Karakterisasi Hidroksiapatit Berpori dari Tulang
Ikan. Jurnal Sains Materi Indonesia, April, 47-50.

[9] Hanura, A. B., Wini T., & Pipih S. (2017). KARAKTERISASI
NANOHIDROKSIAPATIT TULANG TUNA Thunnus sp SEBAGAI SEDIAAN
BIOMATERIAL. Jurnal llmu dan Teknologi Kelautan Tropis, Vol. 9 No. 2, HIm.
619-629.

[10] Hapsari, D. N., Wardani, S. C., Firdausya, W. A.; Amaturrohman, K., & Wiratama,
H. P. (2020). The effect of addition of hydroxyapatite from skipjack tuna
( katsuwonus pelamis ) fish bone flour to the transverse , impact , and tensile
strength of heat cured acrylic resin. 5(2), 94-97.
https://doi.org/10.15562/jdmfs.v5i2.1016

[11] Hoque, M., E., Nurul S., Y., Leng Chuan, & M., M., N., Ansari. (2014). Synthesis
and Characterization of Hydroxyapatite Bioceramic. International Journal of
Scientific Engineering and Technology, Vol. No.3 Issue No.5, pp : 458-462.

[12] K. Sockalingam, M. A. Yahya, and H. Z. Abdullah, "Preparations of
Hydroxyapatite from Tilapia Scales”, Advanced Materials Research, vol. 1087,
(2015), pp. 13-14.

[13] Karim, S. A., Mohd Asri, A. S., Mamat, S., Mohamed, M., Shohaimi, N. A. M.,
Halim, A. Z. A., Mohd Shukri, N., & Abdullah, N. H. (2019). Synthesis and
characterization of hydroxyapatite powder from fish bones and scales using
calcination method. International Journal of Advanced Science and Technology,
28(18), 82-87.

[14] Khoiriyah, M., & Edi Cahyaningrum, S. (2018). Sintesis Dan Karakterisasi Bone
Graft Dari Komposit Hidroksiapatit/Kolagen/Kitosan (Ha/Coll/Chi) Dengan
Metode Ex-Situ Sebagai Kandidat Implan Tulangsynthesis and Characteritation of
Bone Graft From Hydroxyapatite/Collagen/Chitosan (Ha/Coll/Chi) Composite By
Ex-Situ Method As a Bone Implant Candidates. Unesa Journal of Chemistry, 7(1).

GSJ© 2021
www.globalscientificjournal.com


https://doi.org/10.15562/jdmfs.v5i2.1016

GSJ: Volume 9, Issue 4, April 2021
ISSN 2320-9186 724

[15] Mbarki, M., Sharrock, P., Fiallo, M., & ElFeki, H. (2017). Hydroxyapatite
bioceramic with large porosity. Materials Science and Engineering C, 76, 985-990.
https://doi.org/10.1016/j.msec.2017.03.097

[16] N. H. Abdullah, N. A. A. Ghani, M. K. A. A. Razab, A. M. Noor, A. Z. A. Halim,
M. S. M. Rasat, K. N. S. W. S. Wong, and M. F. M. Amin, "Methyl orange
adsorption from aqueous solution by corn cob based activated carbon”. AIP
Conference Proceedings, vol. 2068 (2019), pp. 1-6.

[17] Prinaldi, W. V, Suptijah, P., & Uju. (2018). KARAKTERISTIK SIFAT
FISIKOKIMIA NANO-KALSIUM EKSTRAK TULANG ( Thunnus Albacares ).
Jurnal Pengolahan Hasil Perikanan Indonesia, 21(3), 385-395.

[18] Riyanto, B., & Maddu, A. (2014). Material of Hydroxyapatite-Based Bioceramics
from Tuna Fishbone. Jurnal Pengolahan Hasil Perikanan Indonesia, 16(2), 119—
132.

[19] Widiarso, A. (2018). Implementasi Rezim Commission for The Conservation Of
Southern Bluefin Tuna (CCSBT) di Indonesia: Ketidakpatuhan Total Allowable
Catch Southern Bluefin Tuna. Journal of International Relations, Volume 4,
Nomor 2, hal. 225-233.

[20] Yuliana, R.; Rahim, E. A., & Hardi, J. (2017). Sintesis Hidroksiapatit Dari Tulang
Sapi Dengan Metode Basah Pada Berbagai Waktu Pengadukan Dan Suhu Sintering.
Kovalen, 3(3), 201. https://doi.org/10.22487/j24775398.2017.v3.i3.9329

GSJ© 2021
www.globalscientificjournal.com


https://doi.org/10.1016/j.msec.2017.03.097
https://doi.org/10.22487/j24775398.2017.v3.i3.9329



