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ALrt;ect. Bcvrne bonc is a ccnsiCerabis scurce f'cr the prcCucricn cf hyircxyapatite. The recent
study reputed a novel method to exlract hydroxyapatite from boyine bone without producing
ira;erdcur rtsitlte. Th<'D...,jns bcnf,.: !.verc cut i.ild l.;cireC in rhe qrned eha"nrbtt fcilcrr'ed by ixiiing
in pressurized tank. The bones were then soaked into 95% ethanol. Calcination was then conducted
ir, 2llX"J, ? )l"i anii l,]li'C, f:r I h:urs. The iq:uii wr-; tl'€n giirrded ;-rd .ie'.,ed. Tfre l,rli/4ir ;hen
was characterized using Fourier transform infrared (liT-lR). Scanning electron microscopy (SEM)
and X-ray diffiaction analysis (XRD) to merure rhe puriry of h;"droxy4adre- lt is concluded that the
hydroxyapatite derived from this procrss showed 1009i, purity, resulting 35.34 + 0.39ui, w,/w fronr
the wet bone weighl and ?l.3pzi, w/w ftom th€ dried weight. The prcse extrrclion method has been
proven to yield bigh amount of pure hydroxyapatlte as well as reducing the use of hazar&us reagent.

lntroduction

Hydroxyapatita Cal0(PO4)6(OH)2). is knowr as a rnedical material for teerh and bone tissue
implant. lts composition and biological stnrcture resemble natural bone [ ]. Hydroxyapatite exhibits
interesting prop(.ni!.s such as haling good biocompatibility and bioactivity as well as exhibiring a

non-intlammatory and non-immunogenic propenies [21. Thus. hydroxyapatite is the bioceramic rhat
is rvidely svnthesized using manl'methods. Some of the methods are precipitatior, microwave
inadiation, and calcium hydroxide and phosphate reaction [3-5]- Another convenional method to
synthesize hydmxyapatite is a wet me$od ihat is comprised of pecipitation. hydrothermal technique
and hydrolysis [6]. However, these sylthesis processff might be crmplicated or biologically unsafe.
Natural hydroxyapatites contain carbonates group and a small proponion ofmagnesium, rcdium and
metal traces. ln addition, natural hydroxyapalire exhibits a Car'P stoichiometric r,rtio higherthan 1.67.
'fhese facts suggest that natural hydroxyapatite is more preferable for the use in rnedical afrplicaion
[7]. Rece r development in the synthesis of hydroxyapatite suggests the extrction of natural
hydroxvapatite biocetamics by simple salcinations of seleral biq.warte, for instance. salmon
fishbone, anitnal bones [8-lO]. Horvever. these extraction processes involve the use of hazardous
materials such as sodium hydroride and potassirun hydroxide. Moreover, the process takes a longtime
and results in a non-eco.friendly \r'aste product. The extraction of the natural cubical fonn of
hydroxyaqratite has brlen rrell-pertbrmed using hexane as n fat remolal solvem and lrydroger peroxide
as a prcrein-disintegraring agent. Horverer. the use ofthese reagents is Iltimately hazardous because
oftheir carcinogsnic feature. Thus. the devek:pment ofeffectirc and eto-ti'iordly methfils to e ract
hydroxyapatire lrorn naturalsource is $ill needed.

Our unpublished trials in exreting naruml hydrory4atitc from bovine borle show $at thc
use ofpressurized boiler and recyclable ethanol may etTectively ronoves the fat ard protein residues.
The present study uas condEted to otrimize the calciEtion process, elaluate the yield and
characterize the obtained hydroryapatitc.
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llaterials and llerhods

Htdroryapatite preparation

Around 3,5 to 4 kg fresh conical bone ofmature botine was used s ra, roaferial. The bqre
was purchasd Aom Surabaya ollicial slaughterhouse in lndonssia. Three replications for
hydroxyE atitc extraction $erc conducted. Bulcs rere cut and clea.Ed with water. The spongy parts
and bone marrow were removed. The bone was boiled with distilled $'ater for 5 hours. The distilled
$atsr was changed every hour to prclcrt the saluraliDl from fat aod prrxein. The bone was then
boiled in the pres.surized tank for 3 hours with water changing eyery hour. 'fhe boiled bone was dried
in th€ temp€rature of60"C for I hour. The dried bone *'as then shanked in absolute ethanol (Brntaco
Chemika. Surabaya, lndonesia) and shaken for 24 hours wilh ethanol changing every l2 hours. The
prr;nse of the process is mainly to rermve fat and prorein residues. The calcination process was
conducted by combuslion using fumace for 2 hours. The proceis was optimized using 3 tempratures
rhich were 80Ot, 900'C and lUn'C. The product was ther grinded and the powder was subjected
to liO-rnesh sieve.

Chrrrcterizrtions

The characterization ofthe hydroxyapatite products $asdone $ith Fourier Transform lnfiarcd
(FT-IR) specroropy lPsrkiu Elmer. MA. USA). The hydroxlaparite product sample was pelleted
wirh potassium bromide. The measur€ment u"s done in .100- 4,000 cml r*zve number range. The
surface morphology was idenlified using energy dispenive X-ra1, (EDX) equipped SEM (lnspe!-t S-

50, FEl. Japan). -tte solid phase and crystalline morphology tere arsessed using X -Ray
diftactometer (XRD: X'Pert Pro, Malvem panalytical Ltd., Roysron. UK).

Results and Discussiolr

Table l. The percentage of prodrc( weighr during extraction process compared to wet weight of
bovine bone nralerials
Replic. Wet ueighr

kg (o/i,)

Weight after
five hrxrs

boiling
kg (%I

weight aftet
pressurized

boiling
kg (%)

Weight of dry
materials
kc (%)

weight after
Calcification

ks (%)

% to dry
material

I

2

3

Means

3.711
( 100)
3.416
( 100)
3.941
( 100)

1.691r0.264

1.147
(84.6)
3.001
(87.9)
3.469
(88.0)

3.206+0.239

2.956

t19.41
2.897
(84.11)

l.l l4
179.61

2.98910.1l2

t.132
(3s.6)
l. r92
34.9
t.40t

(3s.5)

I _ 308+0.107

70.4

77.2

70.4

72-7
t00 ti6.8+L9 ll I .l+3.0 35.3r0.4
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r.892
(s0.8)
1.544
(4s.2)
L9E9

(50.5)

1.808+0.234
(411.8*3.1)
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ljig l. The representative physical appearances ofnw btrre nnrerials before boiling proces,s (Al and
after pressurized boiling process (B ), and end hydroxyapatite product after calcification (C ).

The non-hazardous process prevents the use oft-arcinogenic materials that may endanger tbe
oJrratus an well as the environnrent, The result ofpresent study showed thar the [se ofdislilled water
boiling effectively removed the fat ard protein residues ard lowered rhe bone weight to tl6.li+ I.9 94,.

The appearance of the product rvas in red-yellowish colored bone ( l-ig- I A ). The further process by
which the bone was boiled in the pressurized tank removcs the fat and proteirls anached lo the bone
and lou'ered the product weight lo lll-3 r 1.096- the pn:ess gained a vellowish product (F'ig- tB).
The use oforganic solvent was to effctively remove the residues of fats. Elhanol is chosen as the
organic solvem exractor lbr the process tbr it is recyclable, cost-effective and eco-friendly. The
irnmcsion and continuous shaking ofthe product in ethanol for 24 hours reducal the weight ofthe
product to 48.1J + 3.lol". The calcirntion process using fumace combustion renoved lhe remaining
t'ats and proteins and changed rhe appearance of the producJ inro a clear whitc product ( ljig. I C ). The
present study shorved that the final yield ofhydroxyapatite product as compard to ihe wet weight of
rau' material is 35.3 t 0.4 ",'" (Table l). The result shou'ed that ihe process produced weight of
72.3 % ofthe dry raw materials.

fig 2. The repres€nrative SEM scanniog resulr of rhe hydroxyaparire prodrcr- The panicle shape
analysis showed that rhe extracted BHA particles exhibit a hexagonal shape.

The resuh shou ed that the hydroxyapalite po*'der yielded by the process exhibited hexagonal
panicle shape (Fig. 2). This is in agreemeot with the previous report showing thal the natural tsHA
exhibirs hexagonal puticle shape It I j.
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Fig 3. The representative infrared spctrum profile of extracted bovine hydroxyapatite (A) and
rcfcrence profile of bovine hydrcxyryatile: Caro (POr-h (OH): (B). The refererce profile shows
asynmetric barding ribrations of P-O chain at 570 and 602 cm-r and p€ak of terrahe&al POr at
l.04tt cm r. All prolile shows specific peak for carbonate (-COl-: ) gmup ut 1.455 cm-t as the trace of
natural BHA extraction.

The infrared slEctroscopy *as used io characterize the extrcted BHA and compare their
infrared spccrum to the reference spectrum for natural 8HA. The results sho*ed rhat thc extracted
samples cxhibited asymmeric bending vibrarions Aom P-C) chains at 570 and 602 cm-r. and shary
pmk representing tetrahedral POr at 1.048 cm'r. The profiles fron extracted BHA and reference
sirnilarly showcd the carbonate group (-COr-:) absorption at 1.455 cm-r l Fig lA-B)- The carbonates
group absorption in rhe BtlA infrared pmfile resembles the spccific firncrional gr<xrp tracc for mtural
BHA [71. This indicatqi that the extracted BHA in this srudy similar to the reference natura.l BHA.
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l'urth€rmorc. rhe diffeft'nce in rhe calcination temperalure re;ulted a slight difi'erence in infrared
protiles. lt is shown that the absorbaoce at t,455 cm'r was shortened due to tlf ircrease ofcalcination
lemperature. The result sho\! ed that 1,000"C fumace calcination resulted the shonest peak at
carbomte group absorprion, r'hich may rcflect the small anrount ofcarbonate traces remained in the
sample (l-ig. lA: top profile). The present finding suggests that the 1.000'C calcination rqsults an
effective production ofBHA u,ith small ponion of carbrnate residues.
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It is known thar rhe sroichiomerric comparison between calcium and phosphare for BHA is
commonly at CiL P ratio 1.67. The rcsult of the prer:ent study showed that th€ CIP ratio of extra:ted
BHA combusted at E0(fC, 900PC and l,fiXfC u ere 1.8.{9. I .7lll and I .810, reitpectively (f ig 4A-
C). lt is rcponed that BHA exhibiting Ca/P ratio morc than 1.67 is more suitable tbr medical
application [71. ln addition, the EDX results in this study showed that there were low level ofsodium
remained in the extracted BHA. The Na residues for extracted samples with combustion temperature
of 8fi)"C, 900"C and 1,00ffC \.!ere respectively 0.42,0.61. and 0.-15 % w,'w. lt is rqroded that the
extraction ofHA from the natural source by base extraction mcthod usiflg sodium hydrDxide produces
a high arnount ofsodium residue around 0.99% u'/w Itl]. The present study suggests that the present
cxtraction mdhod rnay rcducc the sodium rcsiduc in thc BHA as wcll as diminish the use ofsodiun
hydroxide as a hazardous reagerrt in the cqrventional extraction method.

t,^{nxr l': l rrr.r,

Figurc 5. 1'he representative X-nry diffractogram ofexrracred BHA. The diffractogram ofextracted
sample is conpared to that of hydroxyapatite based on dre library databasc. Upper panel is the peak
list of the diffractogram of ahe samples (lower graph: red) and the reference frun database library
(uppr graph: omnge).

It is known that natural basd BHA is playing imponanr role in rhe pmducdon ofbone cemenr
and other bone remndeling supporting prodrcs, due to the innuence carbonate substitution that is
krpwn could stimulates the aclivity of osteoclast and oiteoblast [21. Ortr finding showed that the

tl lrll t ,.r,lt,i,ltrl] ,r,/l,r fiI.I

tt
I

lrll il,
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purity of BHA in the samples were 10(r/o as compared lo the XRD profile of the BHA reference
material (Fig 5). lt is knour that XRD profile is commonly utilized to examine the similarity of the
conrpomd as compared to lhe standard or reference material based on their crystallirc status. The
present sndy suggests that the crystalline stale of cxtractcd cornpound was similar to that of the
reference BHA matcrial.

However, the complication of the method and environment aspect of the extmctisr method
sill being the challenge for the pharmaceutical industry to provide good quality, safe and eflective
BHA raw rnaterials. lt is remain ro be explored whether the synthctic tsHA with high
osteronductivity may bc poduced in a cost effective and cc-o-friendly way.

Conclusion

The present results suggest tbe effectivenss of the proposed BHA extractio[ method to yield
high amoum ofBHA and lower use ofhazardous materials. Moreove( the method produces a high
purity and low (races residue bssed m FTIR. SEM, EDX and XRD measurements. Together. the
results indicate thal the non-hazardous extraction method using pressurized boiling and higtr
temlrrature firrnace effecrively gains a high yield and purity of Bt{A.

AuthoB Cootrib[tlon

Study conception and design by ASB. S. CA: Acquisition of data by S. WPN: Analysis and
interpretatior of data by S. WPN, CA: Drafting of manuscrip by ASB, Cd MAG; Critical revision
byASB, S, wPN, CA. MAC.

AckrowHgement

The auhors rvould like to $ank the PDUPT grant fronr lrdonesian Ministry of Researclt
Technotogy and Higher Education and Tahir Professoship Pmgram. The authors rhank to Cenral
Labontory of Faculty of Mathematics and Sains. Universitas Negeri Malang (UM ) for their suppon
to carry out this r,\'ork.

l'undlrg Informrtion

The srudy was financially supFrnd by PDUPT grana from lndonesian Ministry of Researclr,
Technology and Higher Education and Tahir Professorship Program.

Cotrllict of hterc$t

The aurhors declarc no conflict of intercst in the condrEr of this study.

Rcference

Ill llantr. N.. Jikan. S. S.. Basri. H.. tsakar. S. A. A.. \uhu. i\. tl. (2017). Natural HydmryaJntite
Extmcted from Bovine Bone. Jouraol ofS< ien<e urul Technolog'.9(21:22-28

12l Barakat, N. A. M., Khil. M. S., OmrdrL A. M., Sheika. F. A.. Kim, H. K (2009). Extractim of
pnre nanrral hydmxyapatite from the bovirr bones bio waste by rree difGrent matro<ls. Joumul
ol Llateria ls Pft x'e.tsi ng Tec htoktgS', ?09(7):3401t-14 I 5

[3] Cao. L. Y., Zang, X., Huang. J. l'. (2015). Synrhesis of hydroxyapatite nanopanicles in
ultrasonic precipitation. Cerunt it lntemarioral, 3 l( E):E69-E72

14l lsobe, T., Nakamura, S.. Nemoto, R-. Senna, M.. Sfihi, H. (2002). Solid-state double nuclear
magnetic resonmce study of$e local strEturc ofcalcium phosphate nanopanicles synthesized
bya wet-mechanahemical reaction. ./nr rnal o_f Physid Chemish)' 8.106(20):5169-5176



56 Joumal of Biomimetics. Biomatedals and Biomedical Enoineerinq Vol.45

[5] Kumar, G. S., Sa&ish, L., Govind R., Girijab, E. K. (2015). Udlazation of Snail shelts to
synthesise hydroxyapatite aanorods for orthopedic appticalious- .R.SC Advatces,5(49)19544-
39548

atj Farkaew, i,.. tloomrvaulana, L-, LrrBuwan, p., Nae rcrantnara, K" (lut{rl. I emperalure etlect
on calcium phosphate synihe'si2ed liom c{icken eggshells and ammonium phosphate. "/ot,rnal
q{ -'11 4tl ied Scie ur. 

" 
:. I 0(:"1}:lll7-13.11,

I7l Brzezhska-Miecznilq J-, Haberko, K., Sitarz, M., Bucko, M. M-, Macherzyrska. B. (2015).
Hydroxyapatite from animal bone- Extraction and Properties. Cerumic lnternational.
4l(3):4841-4846

[8] Alparslan, Y and Baygal T. (2017). Exractin, Characterization and Antimicrcbial Afiivity of
Hydroxyapatite frsn Seabass and Seabrean Scale. Journal of l;tntl and Health Science,
3(3):90-96

[9] Sobczak, A.. Kowalski, 2., Wzorek, Z- (20$). Prepration of hydroxyapatite from animal
bmes. Actu ol'Bioettgineering and Eiontechanic.s, I I (4):23-28

liUl Venkaresan, i-, Lo\f,'e, 8., Manlvasagan, P., Kang, li- H., Chal$serry, h. P., Anrt, 5,, r\rm, tJ.
G., Kirl S- K (2015). lsolation and characterization of nano-hydroxyapatite from salmon fish
btxe. Malerr'dl.s. 8(E):5426-5439

!ll Costercu, A., Pasuk 1.. Ungureamr, F.. Dinischiotu, A., Costache M., Huneau, F-, Galaup, S.,
Coustume( P., Predoi, D. (2010). Physico-chemical prop€rties of nano-sized lrcxagonal
hydmxyapatite powder synthesized by sol-gel. Digest Joumal of Nunomatetials and
Riostucrure$ , 5(4i.9 89- I 0U0-

!2] Germairi M, Detsch R, Griirrcwald A, Magnaudeix A. Lalloue F. Boccaccini R. Champion E.
(20t7). Osteoblast and osteoclas respons€r lo A,/B type carbonate-substitut€d hydroxyapatit€
ceramics for bore regerrcruliorr- Biome.liczl Mdterials, l2(3i, 035008-



The Characterization of Bovine Bone-Derived Hydroxyapatite
Isolated Using Novel Non-Hazardous trlethod
ORIGINALIry REPORT

6, 4ro 3ro 0,,
SIMILARIry INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

Anabel Lopez-Macipe, Jaime Gomez-Morales,
Rafael Rodriguez-Clemente. "Nanosized
Hyd roxya patite Precipitation from
Homogeneous Ca lcium/Citrate/Phosphate
Solutions Using Microwave and Conventional
Heating", Advanced Materials, 1 998

1 o/o

Publication

wunru. hindawi.com
lnternet Source 1 o/o

cms.galenos.com.tr
lnternet Sou rce 1 o/o

lsom Hilmi. "Synthesis of hydroxyapatite from
local bovine bones for biomedical
application", 201 1 2nd I nternational
Conference on I nstrumentation
Communications lnformation Technology and
Biomedical Engineering, 1 1 /201 1

Publication

1 o/o

E Gulsum Aydin, Prnar Terzio$lu, Hamdi OEut,
Ayse Kalemtas. "Production, characterization, 1 o/o

PRIN,4ARY SOURCES

1

2

3

4



and cytotoxicity of calcium phosphate
ceramics derived from the bone of meagre
fish, Argyrosomus regius", Journal of the
Australian Ceramic Society, 2020

tr
a
E

E

E

tr

ink.springer.com

Publication

lnternet So u rce

lnternet Source

lnternet Source

Internet Source

Publication

<1 o/o

unnmr.dovepress.com
1

1

1

pu blisher. uth m.ed u. my

o/o

o/o

o/o
ruvrnrw. i s nff-jfb. co m
lntern et Source

www.tandfonline.com
o/o

o/o

1

1
Satheesh kumar Balu, Swetha Andra, Jaison
Jeevanandam, Manisha Vidyavathy S,

Sampath V. "Emerging marine derived
nanohydroxyapatite and their composites for
implant and biomedical applications", Journal
of the Mechanical Behavior of Biomedical
Materials,2021

Exclude quotes Exclude matches off



Exclu d e bibliography Or'l

The Characterization of Bovine Bone-Derived Hydroxyapatite
lsolated Using Novel Non-Hazardous Method
GRADEMARK REPORT

FINAL GRADE GE N ERAL COI\,,!I\,4 E NTS

lnstructor/0

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8


