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    Abstract- Hydroxyapatite (HAp) was grown on sericin coated 

silk fibers and non-sericin coated silk fibers using simulated 

body fluid (SBF) at 37 C and two concentrations of 

1.0standard SBF and 1.5standard SBF. The results showed 

that, for both concentrations of SBF, HAp grown on sericin 

coated silk fibers is more than that on non-sericin coated silk 

fibers. This indicates that sericin on the silk fiber plays an 

important role on the growth of HAp on the silk fibers. 

Moreover, the particle size of HAp grown in 1.5SBF 

concentration is smaller than that in 1.0SBF concentration. 

 

    Index Terms- Hydroxyapatite, Simulated body fluid, Sericin, 

Silk fiber, Concentration, Calcium phosphate 

 

I. INTRODUCTION 

he composite material in human body such as bone consists 

of mineral phase about 70 wt.% and organic matrix about 30 

wt.% [1-4]. Mineral phase in natural bone is hydroxyapatite 

(HAp,Ca10(PO4)6(OH)2) which is excellent application in 

biocompatibility, osteo-conductivity and bioactivity [5]. 

Nowadays, many applications on such special characteristics of 

hydroxyapatite have been extensively studied [6] and developed 

for bone replacement and remodelling processes of cells 

surrounding soft tissues at the bone-implant interface [7]. HAp 

may become an excellent host for living tissues since it allows 

body fluid or human blood to diffuse into its porous structure to 

supply nutrient and mineral ions for accelerateing the 

proliferation and differentiation of bone cells [8].  

   Natural silk fiber, obtained from cocoon (Bombyx mori), 

consists of protein-based fiber. It is naturally originated from 

silkworm. There are two types of protein in silk fiber, that is 

sericin and fibroin. Fibroin is the core filament and benefit for 

medical applications, substrate for cell culture, artificial skin and 

tendon [1]. Fibroin was approved for its biocompatibility which 

can be perfectly used in medical application as reported by 

Altman [9]. Sericin is naturally coated on the fibroin core. It is a 

water soluble protein and used in biological and medical 

applications due to its antibacterial, UV resistant property [10], 

lipid oxidation [11] and  anti-tumour property in immunogenicity 

[12-13].  

   In this research, sericin coated silk fibers (SF) and non-sericin 

coated silk fibers (NSF) were used as seed fibers to induce HAp 

crystals by soaking in SBF of various concentrations. The silk 

fibers with induced HAp crystals on the surface were washed and 

dried for morphological investigation using thermal scanning 

electron microscopy (SEM) and field-emission electron 

microscopy (FE-SEM). Then, the deionised (DI) water was 

added into the silk fibers for sonicating in ultrasonic bath to 

remove HAp crystals from the silk fibers, and HAp crystals 

suspended in DI water were obtained. Finally, they were dropped 

and dried on silicon wafers for characterization. The structure of 

HAp crystals was characterized by X-ray diffraction (XRD). The 

element of HAp was characterized by energy dispersive X-ray 

spectroscopy (EDX). HAp functional group was characterized by 

Fourier transform infrared spectroscopy (FTIR) 

 

II. EXPERIMENTAL 

A. Silk fiber preparation 

    Two types of silk fibers were prepared: (i) SF and (ii) NSF. SF 

were prepared by rinsing the raw silk fibers with DI water for 

three times to remove the dust and impurity on the surface and 

dried in an oven at 37 C for 1 day. NSF were prepared by 

boiling the raw silk fibers in DI water at 100 C for 20 min and 

this process was repeated for 5 times to ensure that  any residual 

sericin on the silk fibers was completely removed. Then, both SF 

and NSF were cut into 5 cm long for soaking in SBF solution. 

B. Simulated body fluid preparation 

    The simulated body fluid (SBF) is the liquid solution that 

contains the same ion concentrations as human blood plasma as 

reported by Kokubo [8,14-19]. The 1.5SBF prepared in this 

work followed Kokubo’s recipe as shown in Table 1. In this 

work, 1.5SBF was prepared as a stock solution in which its ion 

concentration is 1.5 times of human blood. The 1.0SBF means 

that the prepared solution has the same ion concentration as in 

human blood plasma. In this work, the 1.0SBF was prepared by 

dilution of 1.5SBF, following the equation: 

    

 2211 VCVC                  (1) 

 

where C1 is the concentration at 1.5SBF, V1 is the volume of 

1.5SBF, C2 is the concentration at 1.0SBF, V2 is the volume of 

1.0SBF. 

 

Table 1 Reagent addition order in DI water for 1 litre of 

1.5SBF 

Order Reagent Source of reagent Amount 

T 
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1 NaCl Ajax Finechem 12.053 [g] 

2 NaHCO3 Ajax Finechem 0.533   [g] 

3 KCl Ajax Finechem 0.338   [g] 

4 K2HPO43H2O Carlo Erba Reagent 0.347   [g] 

5 MgCl26H2O Ajax Finechem 0.467   [g] 

6 1M HCl J.T. Baker 50      [ml]  

7 CaCl2 Ajax Finechem 0.438   [g] 

8 Na2SO4 Ajax Finechem 0.108   [g] 

9 C4H11NO3 (Tris) Ajax Finechem 9.177   [g] 

10 1M HCl J.T. Baker 8.5     [ml] 

 

C. Growth of Hap on silk fibers 

    The prepared 1.0 SBF was filled in two plastic tubes and 

1.5SBF was also filled in another two plastic tubes, each tube 

with 30 ml. Two types of silk fibers, SF and NSF which already 

prepared and cut into 5 cm long were used for soaking in SBF 

solutions. 

    0.2 g of SF was soaked in 1.0SBF and 1.5SBF are SF 1.0 

and SF 1.5, respectively. 0.2 g of  NSF after soaked in 1.0SBF 

and 1.5SBF are NS F1.0 and NS F1.5, respectively.  

The prepared four samples, i.e. SF 1.0, SF 1.5, NSF 1.0 and 

NSF 1.5 were kept in an incubator at 37C for 7 days to observe 

the growth of HAp on the silk fibers. After 7 days, HAp crystals 

were grown on the surface of all four samples. They were then 

washed with DI water and dried in an air oven at 37C for 1 day.  

All four dried samples with HAp crystals on the surface were 

used for investigating the morphology by thermal SEM and FE-

SEM. Subsequently, HAp crystals on the silk fibers were 

removed by sonicating method. About 0.2 g each of four dried 

silk fibers with HAp crystals on the surface obtained above, was 

put in 10 ml of DI water and sonicated in ultrasonic bath for 30 

min. Then, the silk fibers were removed out of the DI water and 

small size of HAp crystals suspended in the DI water was 

obtained. Finally, they were centrifuged at 14,000 rpm for 1 hr 

and the supernatant was removed out of the tube. The wet HAp 

crystals were left at the bottom of the tube. About 50  l of the 

wet HAp crystals was dropped on silicon wafers (100) and dried 

at 70 C for 20 min. To increase the HAp film, the drop-dried 

method was repeated for 3 times. The dried HAp samples were 

used for XRD investigation. 

To compare HAp crystals obtained from the growth on the silk 

fibers with those of pure HAp crystals, therefore pure HAp 

crystals were also prepared in this work. First, mixing 10.32 g 

Ca(OH)2 with 120 g DI water. Then, 9.64 g 85 wt% H3PO4 

solution was added by drop wise into Ca(OH)2 solution. The pH 

of the mixture was adjusted to be 9.0 by adding ammonium 

hydroxide and stirred at 800 rpm for 3 hours, followed by three 

cycles of alternate centrifugation and water-washing to harvest 

the precipitates. The precipitates were dried in  vacuum at 50 C 

for 48 hours and ground into fine powder using an agate mortar 

[22]. 

 

D. Characterization 

    The structure of HAp crystals was characterized by XRD 

(Rigaku, RING 2000) with CuK in the 2 range of 20-55 with 

a scan step of 0.02. The morphological structure of HAp 

crystals on the silk fibers was characterized with two methods. 

First method was thermal SEM (JSM-JEOL, 5800LV) at 10 kV 

and 10 nm gold coating. Second method was FE-SEM (JSM-

JEOL, 6301F) at 5 kV and 30 nm gold coating. The chemical 

compositions of HAp crystals were analyzed by SEM-EDX 

(Oxford, ISIS 300) at 10 kV, 30 take off angle and 100 elapsed 

life times. The functional group of HAp crystals on the silk fibers 

was characterized using FTIR (Perkin Elmer, Spectrum One) by 

KBr pellet. 

  

III. RESULTS AND DISCUSSION 

    Figure 1 shows the XRD patterns of hydroxyapatite 

(Ca10(PO4)6(OH)2) and calcium phosphate (Ca3(P5O14)2) crystals 

on SF and NSF.  The observed peaks in Figure 1 could be 

indexed based on HAp and calcium phosphate crystals in Joint 

Committee on Powder Diffraction Standard (JCPDS) card 

numbers 09-0432 and 52-1538, respectively. 

   For NSF, it is seen in Figure 1(a) and 1(b) that mixed crystals 

of monoclinic phase of calcium phosphate (Ca3(P5O14)2) and 

hexagonal phase of HAp (Ca10(PO4)7) were grown on NSF. 

However, the grown crystals are mainly calcium phosphates. 

When the SBF concentration was increased to 1.5SBF, the 

XRD pattern shown in Figure 1(b) revealed that more HAp 

crystals were grown on the silk fibers. For SF, only pure HAp 

crystals were grown on the silk fibers for both SBF 

concentrations as shown in Figure 1(c) and 1(d). This grown 

HAp crystal has the same phase as in human bone. The above 

XRD results indicate that sericin is an important factor on the 

growth of HAp crystals on the silk fibers. Sericin composed 

mainly of serine and aspartic acid compared with glycine and 

alanine in fibroin. Furthermore, serine and aspartic acid have 

more COOH group than that of glycine and alanine. COOH 

group has high electrostatic and hydrophilic force from lone pair 

electron, therefore it prefers to coordinate with calcium ions 

(Ca
2+

) in SBF. As a result, SF is better seed fiber to grow HAp 

than NSF.  

    Figure 2 shows the thermal SEM images of crystals on silk 

fibers. It can be seen in Figure 2(a)-2(d) that the crystals were 

grown on all silk fiber surfaces. The growth of crystals on silk 

fibers in Figure 2 because all the prepared SBF solutions used in 

this work reached a supersaturated concentration. The interfacial 

energy between a crystal nucleus and silk fiber surfaces in 

supersaturated concentration is lower than that of the crystals in 

contact with the SBF solution [21]. 
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Figure 1 XRD patterns of HAp and calcium phosphate crystals 

               grown on (a) NSF 1.0, (b)  NSF 1.5, (c) SF 1.0 and  

               (d) SF 1.5.   C is calcium phosphate and H is HAp 

 

  

  
 

Figure 2 SEM images of crystals on (a) NSF 1.0, (b) NSF 1.5,  

               (c) SF 1.0 and (d) SF 1.5 

   The above results show that silk fibers are good seed for 

growing the crystals because there is hydrophilic functional 

group of protein on silk fibers acted like sponge to absorb SBF. 

However, we cannot identify the difference between morphology 

of crystals from thermal SEM images. Therefore, further 

investigation on crystals was carried out using FE-SEM. 

 

  

  
 

Figure 3 FE-SEM images of calcium phosphate and HAp crystal 

               on (a) NSF 1.0, (b) NSF 1.5, (c) SF 1.0 and (d) SF 1.5 

     

    Figure 3 shows the FE-SEM images of the crystals on silk 

fibers after soaking in SBF. Figure 3(a) and 3(b) show the flat 

shape and cauliflower shape crystals grown on NSF 1.0 and NSF 

1.5, respectively. The flat shape and cauliflower shape crystals 

are attributed to calcium phosphate and HAp, respectively [23]. 

These results are in good agreement with those of XRD as shown 

in Figure 1(a) and 1(b). That is the mixed crystals of calcium 

phosphate and HAp were grown on both NSF 1.0 and NSF 1.5.  

    Figure 3(c) and 3(d) show cauliflower shape crystals, that is, 

HAp, grown on both SF 1.0 and SF 1.5, respectively. The 

particle size of HAp crystals grown on SF 1.5 and SF 1.5 are in 

the range of 1-4 m and 0.1-0.2 m, respectively. It is seen that 

the particle size of HAp crystals decreased with increasing SBF 

concentration. Because at high SBF concentration, that is, high 

barrier energy is difficult to dilute in solution and hence calcium 

ions prefer to grow into HAp with small crystals than those of 

large crystals [21].  The results show that pure HAp crystals were 

grown only on SF after soaking in both SBF concentrations 

which agrees well with those of XRD as shown in Figure 1(c) 

and 1(d).  

    The chemical composition of cauliflower shape crystals shown 

in Figure 3(c) was further analyzed by SEM-EDX. The SEM-

EDX spectrum of HAp crystals is shown in   Figure 4. It is 

clearly observed that HAp crystals are composed mainly of 

phosphate and calcium. Oxygen element appeared in SEM-EDX 

pattern arises from carbonate group of HAp 

    The functional group of HAp crystals on SF 1.0 was carried 

out and compared with pure HAp crystals. The IR spectra 

obtained from HAp crystals growth on SF 1.0 and pure HAp 

crystals prepared in this work are shown in Figure 5. The 
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assignments of the vibrational modes associated with different 

functional groups reported in the literature for HAp crystals is 

presented in Table 2 [22,24].  
 

 
 

Figure 4 SEM-EDX spectrum of HAp crystals from SF 1.0 

 

 
 

Figure 5 FTIR spectra of (a) pure HAp crystals and (b) HAp  

               crystals on SF 1.0 

 

 

Table 2 Assignments of infrared vibrational modes of HAp  

              crystals 

Frequency (cm
-1

) Vibrational mode assignments 

472-474 2 bending O-P-O 

563-565, 602-605 4 bending O-P-O 

800-970 2 C-O B 

960-965 1 symmetric stretching P-O 

1033, 1060  PO4 group 

1165-1167, 1410-1456 Carbonate ion 

1230-1410 Amide III 

1510-1535 Amide II 

1600-1655 Amide I 

1610-1640 Bending O-H-O 

   

   The peaks located between 472 and 605 cm
-1

 is identified as 

the bending O-P-O vibration in which the phosphorous move 

approximately at right angle to the O-O lines and in the O-P-O 

planes.  The peaks at 800-970 cm
-1

 are C-O vibration. The strong 

peaks at 1033 and 1060 cm
-1

 are PO4 group [25]. The peaks 

located between 1165-1167 and 1410-1456 cm
-1

 are carbonate 

ions [26]. The peaks shown between 1230-1410, 1510-1535 and 

1600-1655  cm
-1

 are amide III, amide II and amide I, respectively 

[27,28]. The peak at 1610-1640 cm
-1

 is bending O-H-O vibration 

in which the hydrogen move at right angle to the O-O lines and 

in O-H-O planes. It is clearly observed that the IR spectra of 

HAp crystals on SF 1.0 showed strong peak of amide I, amide II, 

and amide III because they are main components in the silk fiber.   

    The peaks located at 1423 and 1452 cm
-1

 for pure HAp, and 

1166, 1412 and 1450 cm
-1

 for HAp crystal on SF 1.0 are derived 

from carbonate ions, even though no carbonate source was 

introduced into the starting materials. Since, two samples were 

prepared in an atmospheric environment, it is reasonable to infer 

that the carbonate ions incorporated into HAp crystals from 

carbon dioxide gas in air. The band at 1638 cm
-1

 representing O-

H-O bending (OH group) of pure HAp and that of HAp crystals 

on SF 1.0. 

 

IV. CONCLUSION 

    This study demonstrates that HAp can be perfectly grown on 

SF 1.0 and SF 1.5. The structure of HAp as confirmed by XRD 

was hexagonal, which is the same phase as found in human bone. 

The morphology of HAp as observed by FE-SEM was confirmed 

by the cauliflower shape. At a low SBF concentration, NSF 1.0 

was not a good seed to induce nucleation of HAp crystals. 

However, at higher concentration, NSF 1.5 can be used to grow 

both calcium phosphate and HAp crystals. On the other hand, for 

SF, they are suitable to be used to grow HAp crystals in both 

SBF concentrations. Thus, it may be concluded that sericin is a 

good seed protein for inducing nucleation of HAp crystal. 

Furthermore, HAp were rapidly grown on SF 1.5 with a small 

size crystal. 
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