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ABSTRACT

lilr rne hrrc wastr is n(\r.rd,rts not rrdllt utilircd k, rn .n!s!' it\ (.(rrnrmic |alrr. fht shughtrrinX lentcr
orrlr r.rsc,l small amotmt of thi\ rvdlilt. iust lf,' (lli('d nr ftxd sul]'l{rnr.nt (r Plant tlj rtili.,.1r. &)\ inr b(nc i:' tich
* itlr c.rlcitrm rvith tfu similrr structuR. $'ith hurn rn ndturdl tr(tn(.9', it tould bu trr',r sourr: o( bionr.rtcn,rl
trrr l'onlj dl?li.dtion, tl lii.h is hr'.lro\r dpditi tr. Thir \hrdl rlas aimcrl k, svnthusir Ilvdn r\irp.rtitt lrom
tx'\'inr hir!.h\ high prcssuru-\t:rm(rl, gnndcd.rn(l hlt(n{ pr([!ss t\ th.r 80 m6h ;nd dur&tl'tzsd by
liouri.,r trar$rorm infrared Scanning Eled(n Micr6c(py and X- Ray Dfrra.ti.n fr'r drt rminin* the puritr
ol ttr. h!dr(|\r'.tl,atitc. ts.lidcs ttut, n srruld tr'..'mbirr\l $rth trLrtrn nn.l h!dro\rF rF!lrn.tb lft'lluo*,
lo lorm lni.. .ibl(. Bo'rtj Substitutr.(Illsl. Ihc lll5 r\ns s\nth(.rizcd bt strrrirS 5"., (h/r) &r1inr.
Itrdro\v.!Fltih':(lhtmnithar.tho(*{i:55.rft|2".{r!./r)hrdropnT\lm.thvlrtUulost'IhtlBsh.1sinitt-ted
h) &ninc tl\rJn'\\'Jt\1tih Suhstr.tl,c until it s..rs !r't lh.'n'sult \ras slx'\r'n that t}l.' hvtlN\\'npi tilc ha\
100"" purc,!nd j,trrdri.'nrjtric rntio C.r/l' rla! l.7l Ir. l hc n'sult ot lrllR str(m lrl that thf, iundxrnal gnrup ol
h\ dr('\t ls, .xniN, plxr\Plute gnl(]p, atd Ca: {:(I) r*n pr$r.nl.rt wnlr.lririth of 1165.!7 rm 10i9.52
( m ', 16{2.5:l cm ', .ind I56.1.5/ cltr ',n}p(yurclt - I tl(' n'\ult oi SE\l shorr'(t that thlj sutf&r of thc subsb.rtt
h.:rl drts $ hirh irdnlhrl thc hvdro\!-aprtih.of tht lllS l}c XRD h.rt sho$ (rl that tlt ,d.lir(f otcn stnllinitv
rn.r.,.t.(d f.oDr 99tF k,9c50"" In torr:ltrslrr, tht trrr urt lrrlrt' rrirrtt'tould bt' ur'.j as tk'qrurcL, of
ht dr(!\r'JFrtit{' and ..{rld h'rppli({ n' IBS !rrmbinu.l r{ith gt'htin and hvdroiv}.ro}'vlmdhyl(ollul(rr'

X.1 (,.,rds: llrr.,ir,nilr. Bni,tfit Ihtl|arfittlttltih,- l,rtrildl,i tlirr' Srl,sltxL., I L/t \xlhlnrtl
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lnlrodu(tion

lhc Slaughtering Clenter ir a:'r,rvice unit f(tr Prof ing
meat bastr.l on natiorr.rl stantlard:', rvlrich are saIe,
hedlthy, intact and hatal (ASUH). lhehi6h demand
ofcrrrv meat in lndonesia rlhich reached 19o]2o.77
tons and the utrported meat u hich reached 530,0t10

cows f(rr bt+f rndu:'try and its prmersed products
encouragei thc detel(lpme'nt (rf the slaughtenng
centrr (l{l'H,20Irll. I his devehrpnrent require,tl ton-
ccnl!, in rnanl a\pGits, r':iptr:ially the enr'irotutental
aspct:i since the rrastepnrduct from the slaughter-
ing cslter has a Frotenhal t.) be thc srlurc_e (tf dt..i€.ise

or pa thogc,n ic microbs. Onr of the root Fl.rblems rr f
:,l.iughterinE (ertl{ in lndoneiia is the minimaluti-
llzati(rn ()f the rr.*ile prrxJucts, such ar bo\'ine blnle.

lhe bor,inc bone $aste is rich t)f cr)llagon and
cal.ium :,tructuralh rvhiclr is sinriLrr to protein and
mineral of hum.ut trtne m ternas (rf chemical (l)mF)-
nents, morpholo6v, distributi()n, function and itr
pntholoFy (tsano rf r,/., 2017; Cllusote .t rrl., 2019).
AIm():it 16.6'i' (!f.ott u:eiglrt is crnsisted of bovine
lrrrne. ]he data frrrur l'egirian slaughtering .r'rter
menti()ned that each dav thet' sLttghter 2(X) cows
$,ith bone w.rst€ pr{)duct of 99 hrn pach month.
Nor\'adavs, this [Torine bonc i{n\tr is dlre,ldy uti-
lized .rs the source of tx)d supplement pr(xlu(t that
is h;rlal, liYestoch supplcment product,.lnd plant
fertilizc'r to incrr'axr itri lronomic Udue. lllr()ugh the
gurd xrrttng proces;, the bo\'ine bone rtaste could
be beneficinl to be the elurce of hiomaterial, rvhich
is hr,droxyapatite because its cal.ium component
reaches l-5",, and its phosphorus component
reathes 0-1"", ((Xusote cl,rl., 20lq).

Hrdroxvapatite could be Lrsed in the trc.itment of
trrne defect in a form of rolid or semi-liquid, such as

suspensi.]n or paste. H\'drox! ap.itite (HA) is cal-
cium phrliphate much usd a substitutefor material
and repair ()f human bone tissue be.cause it has in
cunmon compositi(,n with th€ dt.{nical structure of
n.rtural br)ne. l-hi: ma teria l ir non-toric, bittctite
and has high lrrocrrmpatibi]i$, i!ith turrqrndin8 ti]
!;Lre and cnn enc()urage the grrrl\'th (rf ne{r'b(rne be-
cdLL\e of it\ porous stnrture (Hikmatr'ati 

'rr,r1., 
2019;

Noor, 2013). Ole of the aplicati,rrr of hr dro\\apatih
is lniectable tlone Srrbstitute (lllS). lt is d material
that could nplace the b(ne in the form of surpcn-
sion. IBS cotrld be applied by ini$ti(n to reach (rut
to regir.rn of bone defect that is d€lper and able k)
adjust the fomr of defect bc'tter mohilit\'. tBS iniec-
ti()n on a b()ne is expected to replace brrne materi.rl

E.d. f/ri;. i; Cd,s.2{' (l t Sul'pl. lssuL,):202tt

(l'utra et r,1., ?019; Azami dt /r1.. 2017; I'ut a et {1..

20llt). lJased ()n the com5rcsiti()n, the IBS may be
madc from comp(r\ite of h)droxyapatite dnd Bela-
tin- Hvdroxvnpatite in.lude ccramic matcrial lhat iri

brittle (easilv broken) $ that it require5 the other
rnaterialsof the type polt'mer, such as gelatin. Gela-
tin i\a polvpeptide pnduced frrxn the hr.drolysis of
br'ne errllaBen,.lin,rrrd con nr,cl ir'e lis.ue
(Mtrhammad lt rtl.,201{). HvdroxvapatitL. gela tin
comp()\itcs ar€ expecfed k) bc c(}nrpntiLrle. lhere-
fore, it is nettled ,()r the ndditil)n ()f alsldronate in
IBS that sener to \et the pacc of ilegradation u'ith
completion remrxJeling [Tone bv the osteoblast.

Materials and Methods

-lltc rrr.rterials ust\l in thi\ stud) \r'as divided int()
h\'(t typer that ir material tr) the nlakinB of samples
an<i materi.rls for thc ch.rracterization rrf :'ampies.
lvlaterial!r for makinF of samplrsi inclurJe hvdrott'a-
patite fr(,m Lro!ine, gelatin, alendronate, HPN,IC
from Sigm.r Aldrich H7i{}9 and distillcd !rate.. lUn-
teri.lls f()r :iample chiracteriz.-ttion include ht -
droxvapatite substrate:' from Tissue Bank Dr.
&xtornr Cevrerat Academic Hospital, and materials
for maliing Simulated &rdv fluid (StiF) such as

aquabideit, NaCl, NaHCO., KCL, K-HPOr.3H,O,
MgCl..6H-t). CaCl-.2H-O, Na.sQ, (CH.OH).CNH.
and HCL I l,{.

lix ine bone preparation from f.elh cortical borE
of mafure bovine u.as used as raw mater'ial pur-
chase fron Slaughuring Center Surabava. lndrrre-
sia. 'l he bcrres wtrrl cut off and cle.ned with water.
Iten the sp(rrgy parts were rsnoved t(Eethe. rvith
Ere bone marrou'.'lhe sample rtr'cre b()iled in ivater
ftrr 'l horrrs and each hour, thc water rvag changrd in
order to a\'('id the saturation with fat and protein
ftrrm t}re bones. 'ltre sample rvas then high pressure-
steamtrl for 2 houn; with each hour, thc lr'ater ivas
changed. l he sample nas dried in oten r,r:ith tem
perature ()f a{}! for I hours. The drietl sample u.as
immer:iecl and shrxrk in alcerhol for three hours kr
get rid oi the ial \uth n'ater change in each hour. 'lir
({,tain hvd()xrapalite f()[n lrlcinrtion pr()ces\, d1e

!,alrrple !\'a!, heated at tempcrahre ()f 95t)l for fi1'e
hou.r'. 'l he re\ult u as a clean u'hite sample. The
sample rvas then grinded and tiltered rvith an ll(l
meih. Ihe .h.rracteruation performed for the HA
sample tla5 Fourier liansform Infrared (FItR)
(l'crkin Elmer). Ihe morpholt,6r' characterization
uias performed bl using kanning Ele.tr(n Micro-
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scrlpe (SEIH) with Enagy Dispersive X-ray (EDX)
(t'El lrpe INSPECT 950). The crvsiallzation and
phase inf()rmation u'ere obtained bv X-Ray
Dilfractometer (XRD) (l'ANalvticdl 1 \'pe X'l'ert
['ro).

I he synthesis of lniectable &,ne Sub5titute (lBS)
rv.rs started bt,dirsolting gelatin porvder into dis-
tilltrl rvater rvith a cr)nccntrati()n ()f 5 ''.at tempcrn-
ture .lt) C for I hour- 'l he gelatin 5(|luti()n w.\
addr:rl bv hydrorr'.rp.rtitrj po\rd.r with.r compr)si-
tion r.rtio of HA-gelatin of.l5:i5 and !.tirrcd for I
hor.rr until honxrl;entous. H I'lv|C 2 s /r"'" utrs tlis-
s(ilYed rrith distilbd water at lemperature of 90 C
and thcn .rlh\ved to stand rmtil the temperature of
{0 C. A:rrluhon of HI'MC ua+ mixetl inhr the nrlu-
tlon of HA-gclatin ltlth the temperature of lhe mir-
turc of {0 "C nnd stired for 6 h({rnr until a \'iscotls
composite of hydro\yapatite-Bclahn fornls a sus-
pension which is rvhite in c()lor. Ihe sample nas
then injected to the hydrorvapatite sublitr.rtr', tt[
nr.rss, r'olunre, anr.l densit! of the substrate $ r:!
mcasurcd before and after the selting, of IBS.rnd
th('n charactcrizcd b!' u\ing l_ourier I rarrsform In-
irured (F1lR) kr obsen c the tuncti(rnal group of thd
release IBS irr SIJF, X-R.rv t)iffra(tion (XRD) test k)
obsrn e the crt'stnllinity of the relcase lBS, and the
SEM of thc substr.lb after the llls releascd.

Results and l)iscussion

'I hc hYdroxyapatite rvas suceesrful t() be liynthe-
sized and it ti'.rs characterized by using FflR, XRD,
and SLM. Figure I shorvtrl the r+rt<tra of thc, samplc
throuth FTIR t$t. Ihere rlas hydroxvl gtoup (C)H

).rt uatenumber of 570, H)2, and 3571 cmr, ca ron-

st37

atc gr({p ({1),: ) at uaYenumberof l.l1{ and l{5i
cm ' and phosg'hate grurp ([l]r') at $'avcnumb6 of
.172, q62, lo{lt, and l0tt9 cm'. All the fun.-tional
E (rlrps k) identih hvdn)xyapahte $'as found in the
rt,sult $.ith addition of rartxrnale functional grrrup.

Iigtue 2 shorved l(n",, purity ol hvdrox',apatite
bared on XRD test compared to the stand.rrd h1'-
dro\yapatite Rcf C(xie 0l-1ll.l-1998 in XRD instru-
mclrt th.lt $'a!i used in the ramplc chdracterizatir)n
(llano cl rrl., 2017). 

-Ihis result shorvetl thirt the er-
tr,rctl)n meth(f,1 r!a!, !,uccr!i:,fu1 in exuncting the hv-
drorrtpatite frrtm trrv ine bone.

-t

FiB.2. XRD \p(..tril oa purr hvdro\\rpdhtc origin.tin8
hom L|.!\ rrr. b(tne

the morphololgv and content of the hvdroxyapn-
tite was testcd by using SEM test. 1'he result u,as
shrrrvn in figure 3 and {. The atcrm ratio betneen
calcium antl phosphatc has€{ ()n st()i.hi(tmehi( ra-
tio Ca/l' lras l.{i7 (Bano .r rrl., 2017; (N'laulida .t ,1.,
2015,. \!hilc the extrd.lion rcsult from the bovine
bone analvz*l bv EDX (fiEure {) ivas l.7lll.'Ihis
rTumbcr shos,cd thnt thc crl.ium conlcnt h nr
highcr than the phrxphate content. Thi!i mav bc

I
I

P( ),1-

olt- (o,

Po

Fi8. t, FflR Sp(r. trd il &)viM ll)-dmxy.patite (Bl lA) lCa,n (PO.), (OH),I

E
---dt

I ,tt,idL, I

I
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fi& 3. The S!:M irnr,le ot Bo\ine Il\ droxvdp.ltitr pnr-
ticl.1 particL,s, *ith nuBnrfidtnrn o,l0 txx).lnd
a0 flto

cau*d b) calcium c.rrtx)nate that i\ (rlc of the trrne
comPoncllt5,

All th(' .{rsult of h)'droxvapahtr charnchriz.rti(rl
origin.itinS from bovine bone rya!,tc indicnl('d a
g(xxJ qualitv of hvdftrxfap.ihtc from the function.rl
goup bv F1lR, compondrt arrd.rystdllinit\, bv XRI-)
tst and morphrrkrl;v.rnd content br StM-EDX ttst.
ln term of re\ult. the hvdr(,xyapatitc f(tm borine
tronr' rvaste h.rs slight diffcrence crrmp.rred to conr-
nrerrial ht'drorvapatitt', such as ttre prstnce of car-
b('nate functi()n.rl group in the lTlR result and Ca,/
P number in the XRD re;ult. This conditi()n is n()t
crucial for its applicition a\ biomateridL\, \ince in
naturalbonc.rl!'(r ha5 carbonate i(lns. fhe carhon-
ated-h!droiynpatite rvas mcnhond that it exhib-
rtcd mon' t\)ne f()rmati('n in rabt'it that h.rs bone
deftct. lt u a:' also mcntioned that it did not shorl
reie€tion, ncc.o\i:,, or infect!()n climc.rlh or hiskr
l()gi(alh' (Jrh.rhi .l /,1.. 2012).

fhe svnthesized hyd ft)r,v-apatitc $ as lhen used
as composite rvith Felatin and
Hvd()rvpropylmeihvl cellul()se (HI)MC) .iilled ln-
iLrtable Bone Substitute (lBS). Tlr l8S $ as suitable
u ith the previorrs nrsult performed br' l'utra el al
(2019) and M.rulida r', rrl. (2()'19) rrh() als(r u:ied h1-
droxl apatite fot I tlS applicati()n for osteopoft)sili
.rnd spinal tuberculosis aase, respectiYelv
(Hikmahati.l ,r,. (2{ll9); l'utra rl ol (2{)19). the IBS
rras almost l{XI'" inlttt.rble and h.}d normal }tH. The
result $'as ,rlv, chdra(terized in temr of funatir)nal
group, morphologv in \ubstratc, and crvstallinit!'.

Thc r6ult of FnR of the IBS $,as sho*'n in ligure
5. 

_t}e hvdrorvl group was f()imd at i\'altlrumbs of
3.1ri5.37cm'. lhis functtrnal gnrup hj(ame deeper
cornpared k! tllJ hvdroxvl group in thc boline ht-
droxyapatlte since in the s.t,nthesize pftrcess. We
rlsed dGtilled h,atcr as :ioh't1lt b form the suspon'
sion of lllS. lhc phosphaF and the carb(r'rate func-
tiorral grrrtrp were formd at r,talenumber of 1059.52
sn', 602.59 cmr, and 1.153.i1 cmr, respectitely a:,

eie furrtional group of the synthcsized hvdroxya-
patitc. It!" prelr.nLr, ()f amina Hnrup indicatcd the
e\istence (,f Seldtin in the mixture at 1ravclcngth of
1612.53 on'. .lhe 

hydrtrxvapatite and gelatin also
made an interactir)n ofCa: and COO $,hich was
sho$'n at wa\'$umber of 15o2.57 cm'. This result
al!i() suitat'le with the previousstudv x,hich shrxved
the same behalirn (Hikmawati .,, ar. (2019); l'utra fl
a.l. (2019); I'utracrdr. (2(,1tt); Nlaulid.r ct ol. (2015);

l{achrnarvat! .1 ,rl. (2{)19}. The us€ of hvdr(r}apatite
forrns the bovine trrrre rraste did not shorr a differ-
(,lt beha|i()r whcn it is applied ns lnicctablc &)n€
Subrtihlte llBS).

Ca,/l' = I 716

Fit.l. ED\ r(sult ol &,\ irr(. tI'nc ()riEinateJ Il\dr(!\\.rlutil(
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Fig. 5. i:lIR SF.'!tra ('f I BS b.E(d on B{n in(' I h d ro\\'dp.r
tihr-(;chtrn-l ll'}1C

I1t result of XRD test of HA substrab before and
after llJS rniecti()n shot{ed that the hydroryapatite
tontent in the sub5trate increa:icd from 99.15"; t(,
99.50",,. fhe crrrrtent of thr substrnte war alm(6t
1(t(l'lo h\dftr\vapatite. Ilre increase HA crmtent h'a:t
c.rused b)' the .lppiitdti()11 ()t thc Ills $'hich dlso ron-
taiDt\l HA in its mixhrre. lhili reiult also indic.,rtpd
that the llJS could incrcase the talcium content of
the substratc trhi.h repr*ented the rurtural bone.

'lhe last draraderiz.eti()n $?s morphologv test by
using SEM. Ihe SENI image result u'as sh(ru'n in
figure 7. I he application of IBS in the substrate
made the surface of the substrate had dots rthich
repns€art.<l tlrc h\d r(rxyap.rtite cr 1-.stal from the lllS
(Hikma$'.rti rt d/. {?019); l'uaa , t ,ii. (2019). t}efore
the applicati()n of tlls, the surfa.e of the substrate
'rva:,i sm(x*h and oniv [rrrm bigger prrres compared
t() thc rrrte in the substrate after the iniection of lliS.
1he pre'tnce of IBS coulcl fill thc pores of thr sub-
\tr.rtc. ln term of applicatitrr, this behavior uas ben-
e6cial since the bone :,ubrtitute eould fill thc holk)rv
part of the substrate u hiclr sho$,ed the capacitv of
b(fle detrrt.

s 139

(a) (})

Fig. 7. SEIVI lmagr of I lA s(bstr.rtc Eefore and After 16
Initi&rl

.- artr, ' '^4r.r':i. 
^..!.+ ...,

Fig.6. XRD StR'tf.r lll I IA Substrrtc {d) &.lorc lniertion
Jnd (b) Aft(r IBS Ini&tion

Conclusion

IAA
la la t rrt ^arJ ^a ^9

..\-tl

In conclusion, based on the resulhi oi thi-s studv, it
tan be crncluded that tlre bo ine bone waJh c(ruld
tr-, ussl as thesource of biomaterral, lvhi(h $ as hy-
d(()ryapatite. [-hc chnracteristics of bolrne ht'-
dro\vapatite was nlso similar t() the c()mmelcial
hvdroxyap.ltite u'hich the additi()n ()f c.rrb()nate
functiorul $rc'up bar,etl on FIIR result and the Ca/
I) number of 1.71E. Ihe svnthe-.;is of lnjectable &*re
Subshtute {lBS) 11'as succt*sful in crrrnbinati(n $iith
gelatin and hrdrorvpropvlme&vlcellulose. Ihe re-
sult of F'l'lR, XRD, dnd SEM resr shoi(ed that the
applicati()n of llls in thr H-A srrbstrate is btfleficial
an it u'rruld be used as bone filler in the tx)ne dcf(t.
!-or future studies, the use of bovine bone r,\,a:ite

should be'ophmizecl by calculating the .rmount ()f
hydroxvapatite could be synthesized from the
amount of bovine b(me $ aste.
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