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Abstra ct  

Biopolymer-based nanocomposites containing bone m inerals have been used intensively as bone-

graft  in various broken bone accidents. Main object ive of this work is to prepare and characterise 

biocompat ible chitosan/ collagen/ PVA nanocomposites containing calcium apat ite suitable for bone-

graft  engineering. The calcium apat ite nanofi llers were prepared by calcinat ion of cow bones at  

830oC for 3 hours, followed by ball-m illing and ult rasonicat ion processes and characterizat ion using 

part icle size analysis (PSA)  and elect ron scanning m icroscopy (SEM) . I t  was found that part icle size 

of the f iller ranging between 100-8000 nm due part ial aglomersat ion. The bone-graft  

nanocomposites specimens were prepared with various calcium apet ite loading (0-10% )  in constant  

rat io (1: 1: 1)  of chitosan/ collagen/ PVA biopolymers. Compression st rength of the nanocomposites 

containing opt imum filler of 6%  was found 2.01 MPa, its density  was 1.19 g/ cm 3 and its water 

absorpt ion capacity  58.3%  and biodegradat ion rate 2.67% / day. Degree of biocompat ibill it y  of the 

bone-graft  was revealed after its implementat ion in m ice t issue which did not  show any 

histopathological effect  after 14 days. 

Ke yw ords:  nanocalsium-apat ite, bone-graft , biocompat ibilit y  

 

I ntroduct ion 

Nowadays, various bone subst itute m aterials in term s of st ructure and composit ion sim ilar approach 
to natural bone have been developed. As it  is well known, the bone is a composite consist ing of 

organic and anorgnic phases. The organic phase consists of collagen and small amount  of ground 
substance including glycosam inoglycans, proteoglycans, and glycoproteins, while the inorganic phase 

is composed of calcium  phosphate such as hydroxyapat ite and - t r icalcium  phosphate (Zhao et  al.,  

2002) . I n this works, bioceram ic of bovine bone, chitosan, collagen and poly(vinyl alcohol)  were 
chosen to prepare the organic- inorganic composites. 

 

Bovine bone as biological waste is very m any found in I ndonesia. I ts ut ilizat ion as biom aterial in bone 
t issue engineering is st ill less. Bovine bone is m ore widely used as supplementary food for livestock. 

The  ut ilizat ion of bovine bone as raw material of manufacture of bone graft  subst itutes or scaffolds 
for bone t issue engineering has som e advantages that  are the porosity sim ilar to natural bone and 

containing essent ial m inerals such as hydroxyapat ite, - t r icalcium  phosphate and calcium  carbonate 

that  support  the regenerat ion of bone (Laurencin et  al. ,  2006;  Ooi et  al. ,  2007). Chitosan is a 
polysaccharide Obtained from  the N-deacetylat ion of chit in, consist ing of polym eric (14)- linked 2-

am ino-2-deoxy--D-glucopyranose units. Chitosan can accelerate the growth of new bone because it  

st ructure is sim ilar to glycosam ino glycans and hyaluronic acid found in cart ilage (Risbud et  al.,  2005). 

 
Collagen is a fibrous protein hollow and there are lots of joint  t issues, skin, m uscles, and tendons. This 

natural fibrous connects and supports other bodily t issues, such as bone and tendon (Hossein et  al. , 

2007) . I n the field of dermatology collagen is used as a growth enhancer network. Polyvinyl alcohol is 
a sem i-crytalline synthet ic polymer that  water-soluble, non- toxic, non-carcinogenic, biocompat ible and 

elast ic physical propert ies. In addit ion PVA also has a st rong adhesive power so it  is good as a 
composite mat rix because it  can improve the com pactness and m echanical propert ies of the 

composite. These characterist ics m ake this polym er part icularly suitable for biom edical applicat ions.  
 

I n this study, bioceram ic was prepared by calcining bovine bones and crushed by ball m illing and 

ult rasonicat ion in aquabidest . Chitosan-collagen-poly(vinyl alcohol) / bioceram ic composites were 
prepared by m echanical m ixing and dried using freeze dryer. The m orphology and physicalchem ical 

propert ies of the com posites such as the porosity, degradat ion and com pressive st rength were 
invest igated. I n addit ion, also the biocom pat ibilit y of the composites was prelim inary evaluated by in 

vivo im plantat ion into the fem oral m uscle of white m ouse. 

 
Mater ials and Methods 

Preparat ion of Bioceram ic and Chitosan-Collagen-Poly(Vinyl Alcohol) / Bioceram ic Com posites 
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Bioceram ic was typically prepared by calcining bovine bone as follows. First ly, bovine leg bones were 
cleaned and dried under sun, then boiled in boiling water for 5 hours, followed by boiling in a pot  of 

comm ercial pressure for 2 hours, then washed and the process repeated three t imes. Furthermore, 
bones were dried in oven at  105 oC for 3 hours, and then pounded by m ortar up into sm all parts, 

followed by im mersion in n-hexane for 48 hours. After that , the part icles were filtered, then the 
residue  was dried in oven at  tem perature of 200 oC t ill dr ied and sm okeless, and then proceed with 

the sm oothing process using blender. After that , the bone powder was calcined at  830 oC for 3 hours 

in furnace, then crushed by m ortar unt il smooth and t reated by ball m illing for 120 m inutes (Retsch 
PM 100), and then sieved by 140 mesh sieve. After that, the bone powder was t reated by 

ult rasonicat ion (40 kHz, 250 W) for 180 m inutes (Kudos). Then, the bovine bone bioceram ic part icles 
obtained were characterized by FTI R, PSA and SEM. 

 
The composites were prepared as follows. 3%  chitosan solut ion was prepared in 1%  acet ic acid. 3%  

collagen solut ion and 10%  PVA were prepared in dist illed water. Then, all of the solut ions with a 

weight  rat io 1: 1: 1 were m ixed and st irred hom ogeneously for 1 hour at  room  temperature. After that , 
added 4 g bioceram ics. Then the m ixture was st irred to form  a hom ogeneous paste. After that , the 

paste was put  into a cylindrical m old with a diameter of ±  2 cm  and height  of ±  1.5 cm . Furtherm ore, 
the samples were frozen and then dried by freeze dryer. Do the same thing for the m ass variat ion of 

bioceram ics 5, 6 and 7 g which the composites were named as C4,  C5,  C6,  and C7. 

 
Biocompat ibilit y 

The biocom pat ibilit y was tested for the opt imal com posite by implant ing the composite in form  of 
granules into thigh muscles of eighteen 8-weeks-old m ale Sprague Dawley rats which were obtained 

from  Physiology and Anatom y of Anim al Laboratory, Departement  of Biology, University of Sum atera 
Utara. Before im plantat ion, the granules were sterilized by imm ersion into 70%  ethanol solut ion, 

followed by drying in UV-radit ion box. Besides, 12 experiment  anim als were adapted in a cage for 7 

days. After that , the experiment  animals were t reated by hair removal ,and then anesthet ized by 
ketam ine at  dose of 1 mg/ kg. 

 
After im plantat ion at  7 and 14 days, the experiment  anim als were t reated by dislocat ion and then 

dissected their thigh m uscles, next  the granules and surrounding t issue were taken. The granule 
edhering in the t issue were fixed in bouin solut ion and t reated by embedding in paraffin. I t  was 

sect ioned into 5 m  thick slices perpendicular to its surface. The histological sect ions were stained 

with hem atoxylin and eosin (HE)  reagen and observed under an opt ical m icroscope. 
 

Results and Discussion 

Preparat ion of Bioceram ic and Chitosan-Collagen-Poly(Vinyl Alcohol) / Bioceram ic Com posites 
I n the bioceram ic preparat ion, 121alcinat ions process on bovine bone aim s to obtain pure calcium-

apat ite m inerals without  there are organic compounds. The process caused the bovine bone 
undergoing physical changes, which the bovine bone color before heat ing process at  200 oC and 

121alcinat ions was white-yellow with 1000 g of weight . After undergoing the processes , the color of 

bovine bone changed becom ing pure white with 516,8 g of weight  or 51,68%  of yield. The color and 
weight  changes of the bovine bone were caused by releasing of organic com pounds contained in the 

bone (Ooi et  al. ,  2007) . 
Milling process using ball m ill and ult rasonicat ion process produced finer part icles of bioceram ic than 

before being processed. The composites are obtained seem  hom ogeneous and also have pores. 
 

Characterizat ions 

Part icle Size Analyzer 
PSA analysis result  shows that  the bioceram ics are obtained have part icle size dist r ibut ion around 

100-8000 nm. Size take effect  to bioact ive propert ies of a biom aterial,  which the smaller part icle or 
nano material has larger surface area so that  has bet ter bioact ive propert ies than coarse part icle 

(Dorozhkin, 2010) . 
 

Degradabilit y 

Degradat ion of a scaffold is a very important  parameter for bone graft  subst itute applicat ion. I t  should 
degrade slowly  to allow bone regenerat ion (Vacanti and Langer, 1999;  Hollinger et  al. ,  2005) . As 

shown in Figure 1, the all com posites can biodegrade slowly. The degradat ion of the composites may 
be due to the solubilit y of collagen and beta-elim inat ion or the protonat ion of am ino/ im ine groups and 

the m echanical relaxat ion of coiled chitosan chains in SBF. The ions in SBF can accelerate the 
hydrolysis of chitosan (Zhou et al. , 2012). Thus chitosan-collagen-poly(vinyl alcohol) / bioceram ic 
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composite possesses cont rolled biodegradat ion, which is suitable for a biom aterial for bone graft 
subst itute. 

 

 
Figure 1. Biodegradat ion of chitosan-collagen-poly (vinyl alcohol) / bioceram ic com posites. 

 

Mechanical Propert ies 
Mechanical propert ies, especially com pressive st rength, are important  and usually im perat ive criterion 

in select ing the bone graft  subst itute m aterials (Yin et  al. ,  2003;  Panzavolta et  al. ,  2009) . Hence, the 
compressive st rength of these m aterials were shown in Figure 2. From  the records, it  could be found 

that  the com pressive st rength of the composites had a relat ion to the bioceram ic content  in 
composites which the m echanical propert ies increased by r ise of m ass of bioceram ics from  4 unt il 6 g 

in the com posites. However, the mechanical propert ies decreased by adding the bioceram ics m ore 

than 6 g or when the m ass of the bioceram ics exceeded 7 g. it  means that  presence of sm all am ount  
of the bioceram ics could im prove the mechanical propert ies of the composites but  the large am ount  of 

those could reduce the degree of the m echanical propert ies. Zhou et  al..  (2012)  reported that 
compressive st rength of gelat in/ CM-chitosan/-TCP declined with the addit ion of fract ion of -TCP 

m ore than 5% . I n this study, the composite with 6 g mass of bioceram ics is the composite that  has 

the com pressive st rength in range of the degree of cancellous’s com pressive st rength which is 2-12 
MPa (Ficai,  et  al.,  2011) . I t  was potent ial used as bone graft  subst itute m aterials. 

 

 
Figure 2. St ress-St rain curve of chitosan-collagen-poly (vinyl alcohol) / bioceram ic com posites. 

 
Fourier Transform  I nfrared Spect roscopy 

FTI R spect ra were recorde to a bet ter understanding of the interact ions between the components in 
the composites. The FTI R spect ra of chitosan, collagen, poly(vinyl alcohol) ,  bioceram ic, and the 

composites before and after degraded were shown in Figure 3.  

C4 

C5 

C6 

C7 
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Figure 3. FTI R spect ra of (a)  chitosan, (b)  collagen, (c)  poly(vinyl alcohol) ,  (d)  bioceram ic, (e)  

chitosan-collagen-poly(vinyl alcohol) / bioceram ic composite with 6 g bioceram ic content  before and ( f) 
after degraded. 

 
The FTI R spect ra of chitosan-collagen-poly(vinyl alcohol) / bioceram ic com posite with 6 g bioceram ic 

content  showed the absorpt ion at  3425.58cm -1 was assigned to –OH st retching vibrat ion from 
hydroxyapat ite, chitosan, and poly(vinyl alcohol) .  The peak of v3 m ode of PO4

3-,  v4 m ode of PO4
3-,  and 

v2 m ode of PO4
3- are also present  at  1049.28 cm -1, 570.93 cm -1,  and 470.63 cm -1,  respect ively. I t  

seems the m agnitude of these bands becomes weaker. The absorpt ion bands of chitosan and collagen 
such as am ide A, am ide B, am ide I ,  am ide I I ,  am ide I I I  and COO-, and also v1 m ode of PO4

3- and v5 

m ode of PO4
3- are absent in the composites (Figure 3e ) .  these spect ral changes and absents indicate 

there have been interact ions between the com ponents.  

 
The composite after degraded for 7 days has sim ilar FTI R spect ra (Figure 3f)  with FTI R spect ra of the 

bioceram ic (Figure 3d) .  The peak of the all vibrat ion m ode of PO4
3- become st ronger and the 

absorpt ion of v1 and v5 mode of PO4
3-,  and also carbonate are present  again in the composite. I t  

indicate that  may be due to the solubilit y of collagen, hydrolysis, beta-elim inat ion and the mechanical 

relaxat ion of coiled chitosan chains in SBF. 
 

Scaning Elect ron Microscope 
Morphology of the bioceram ic and chitosan-collagen-poly(vinyl alcohol) / bioceram ic composite with 6 g 

bioceram ic content  are shown in Figure 4. The m orphology of the bioceram ic (Figure 4a )  indicates 

serious aggregat ion of its. I t  m ay be coused by ult rasonic t reatment  which can prom ote the 
dist r ibut ion of the bioceram ic part icles. However, extensive ult rasonic t reatment  will lead to the 

aggregat ion of the bioceram ic (Zhou et al.,  2012) . The m orphology of the composite significant ly 
displays hom ogenous dist r ibut ion of the bioceram ic part icles within the chitosan-collagen-poly(vinyl 

alcohol)  mat rix and open pore st ructure with both micropores (3.65 m ) and macropores (81.5 µm ). 

an open pore st ructure can prom ote the format ion of internal m ineralized bone and serve for nut r ient 
delivery. I n addit ion, it  is also good for blood supply and cell at tachm ent  (Laurenchin et  al.,  2008;  

Zhou et  al.,  2012) .  

 
Although, the diameter pores of the composite are not  in range of 100-800 m  that  will benefit  bone 

regenerat ion (Karageorgiou and Kaplan, 2005) , but  there is no definite pore size for each bone t issue 

in a body , because every bone part  has different characterist ics that  are suitable to perform  the cell 
m igrat ion, proliferat ion, adhesion, and different iat ion. 

 
As shown in Figures 5 healing process of the m ice wound were not  affected by implantat ion of the 

nanocom posite after day-7 (1)  and day-14 (2) . Implantaton of the bone graft  as biopolymers and its 

components did not  show any toxicity effects. The hydroxyapat ite, filler which was on nanosized eased 
the dissolut ion process into the m ice t issue. Chitosan and collagen m at rices were also polyionic 

biopolym ers which may induced form at ion of new cell and therefore revealed biocompat ibilit y of the 
nanocom posite into the live m ice t issue. 
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Figure 4. SEM im ages of (a)  bioceram ic and (b) chitosan-collagen-poly(vinyl alcohol) / bioceram ic 
composite with 6 g bioceram ic content . 

 
Biocompat ibilit y of chitosan-collagen-poly(vinyl alcohol) / bioceram ic composite 

Biocompat ibilit y tests of the nanocom posites as bone graft  were carried out  using live m ice wounded 
t issue after t reatm ent  for 7 and 14 days. 

  
(1)                                (2)  

Figure 5. Mice t issue wound healing on day-7 (1)  and day-14 (2)  after implantat ion of the 
nanocom posite as  bone graft  

 

Conclusions 
Mineral of calcium  apet ite has been successfully isolated from bovine bone waste by calcinat ion at  

830oC and after ballm illing and characterizat ion using part icle size analyser (PSA)  it  was found that  
the part icle size was ranging 100 -  8000 nm . Nanocom posites of the calcium  apet ite- filled chitosan-

collagen showed good mechanicl propert ies (compression st rength:  2.01 MPa and m ore im portant ly 

were biocompat ible with live m ice t issue without  indict ion of toxicity. 
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