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 Abstract: The hydroxyapatite/alginate (HAp/Alg) composite was synthesized using an 
in-situ precipitation route. The effect of pH (8, 9, 10, and 11) and calcination 
temperature (300, 500, 700, and 900 °C) were studied by characterization techniques 
such as X-ray diffraction (XRD), Fourier-transform infrared (FTIR), and scanning 
electron microscopy with energy-dispersive X-ray (SEM with EDAX). XRD results show 
the hexagonal crystal system of HAp for each pH value and the biphase (HAp and 
whitelockite) for the sintering temperature at 700 and 900 °C. The FTIR spectra show 
no impurity peaks. SEM images revealed spherical-like (HAp/Alg-11) and flake-like 
(HAp/Alg-900) particles with good homogeneity, size, and shape that could be notable 
for biomedical utilization, such as drug delivery material. Drug loading and release 
ability of pure HAp, HAp/Alg-11, and HAp/Alg-900 composites have been investigated 
with clindamycin hydrochloride as the drug model. The maximum clindamycin HCl 
release from HAp, HAP/Alg-11, and HAp/Alg-900 reached 74.48, 92.75, and 69.65% in 
the 8th hour. HAp/Alg-11 has the highest release because it has the largest surface area 
of 162.584 m2/g. Antibacterial test results showed HAp/Alg-11 has antibacterial activity 
against Staphylococcus aureus and Escherichia coli, confirming that HAp/Alg-11 
composite has the potential to be applied as drug delivery. 
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■ INTRODUCTION 

In recent years, calcium phosphate materials have 
become an interesting research topic for scientists because 
of their wide applications in the health and medicinal 
fields [1-3]. Hydroxyapatite (HAp), Ca10(PO4)6(OH)2 [4], 
one of the calcium phosphate materials, has excellent 
biocompatibility, bioactivity, and osteoconductivity 
properties due to the similar traits that it has to the main 
constituent components of human bones and teeth [5-7]. 
HAp can be synthesized from synthetic and natural 
sources. The use of natural sources will be preferred 
because it reduces the use of harmful chemicals and is 
more economical and environmentally friendly [8]. This 
study used a natural source, such as bamboo shell waste, 
because it contains high calcium [9]. The HAp synthesis 

methods include precipitation, hydrothermal, solid 
state, microemulsion, and sol-gel [10]. In this study, the 
precipitation method will be used because of several 
things such as simple, low cost, takes a short time, and 
the product has good properties [1]. 

To get more advantages of HAp, many scientists 
combine HAp with other materials, such as polymer [11-
14], to obtain composite material. Sanchez et al. [15] 
have successfully synthesized nanocomposite films of 
chitosan-HAp-MWCNT. These films contain 5.0% 
weight of HAp nanoparticles and 0.5% weight of 
MWCNT. The films demonstrate exceptional tensile 
characteristics and conductivity. Madhumathi et al. [12], 
also reported the synthesis of β-chitin–HAp composite, 
whereas apatite on the β-chitin membrane surfaces 
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increased cell attachment and dispersing. The β-chitin-
HAp composite membranes, subjected to 3 and 5 cycles 
of immersion, exhibited enhanced cell adhesion and 
higher cell count. This approach enhanced the 
biocompatibility of β-chitin membranes by promoting 
the deposition of the apatite layer. These membranes are 
suitable for tissue engineering applications [12]. 

Our topic research focused on the HAp/Alg 
composite synthesis and studied synthesis parameters 
such as concentration, pH, and sintering temperature. 
Previous research reported the synthesis of HAp/Alg 
composite with alginate concentrations 9.1, 16.7, 23.1, 
28.6, and 33.3 w/w% [9]. SEM results showed HA 33.3% 
has a smaller particle size and uniform shape. In addition, 
the TGA-DTA result revealed that the thermal resistance 
of HAp/Alg composite was increased due to alginate 
attendance so that it could be utilized in several 
sophisticated applications, such as bioimaging and 
medication delivery [9]. 

This research investigates the impact of sintering 
temperature on the structural and morphological 
characteristics using analytical methods, including X-ray 
diffraction (XRD), Fourier-transform infrared (FTIR) 
spectroscopy, and scanning electron microscopy 
combined with energy-dispersive X-ray (SEM-EDX) 
spectroscopy. Alginate, a polymer with many crosslinks, 
can increase the degree of swelling and can control the 
drug-release process [16-17]. The drug release capacity 
was studied by using clindamycin HCl as a drug model 
because it is an antibiotic to treat osteomyelitis caused by 
bacterial infections such as S. aureus and E. coli. The 
antibacterial assay also was investigated through a 
diffusion method to compare the antibacterial activities 
before and after clindamycin HCl loading into the 
composite. This study aims to determine the potential or 
opportunity for HAp/Alg composites to be developed as 
drug delivery materials, especially clindamycin HCl. 

■ EXPERIMENTAL SECTION 

Materials 

Bamboo shell, Sollen spp. waste was obtained from a 
seafood restaurant in Padang, West Sumatra, Indonesia. 
The analytical grade of ammonia solution 25% (NH4OH), 

diammonium hydrogen phosphate ((NH4)2HPO4), nitric 
acid (HNO3), dimethyl sulfoxide (DMSO), nutrient agar 
(NA), and Mueller Hinton agar (MHA) were purchased 
from Merck, Darmstadt, Germany. Alginate impression 
materials were obtained from Shanghai Medical 
Instrument, Shanghai, China. Clindamycin HCl as a 
drug model for drug delivery assay was obtained from 
PT. Etercon Pharma, Indonesia. 

Instrumentation 

XRD analysis was carried out by PAN analytical 
using Cu-Kα radiation (1.54 Å) with 0.02° step size. The 
FTIR spectrum was studied using PerkinElmer Version 
10.6.1. The morphological analysis of the powder 
samples was examined using electron microscopy SEM 
Thermoscienticic Quatro S assisted by an EDX 
spectroscope (EDS Ametek EDAX), operated at 15 Kv. 
The Brunauer, Emmett, and Teller (BET) and Barrett-
Joyner-Halenda (BJH) investigations are performed to 
investigate the physical characteristics of materials, 
including pore size and volume, BET surface area, and 
adsorption-desorption isotherms. 

Procedure 

Synthesis of HAp/Alg composite 
Based on our previous study [9], calcium oxide was 

synthesized using bamboo shell wastes. Calcium oxide 
and (NH4)2HPO4 powder with a Ca/P molar ratio of 1.67 
were dissolved in 50 mL of HNO3 and aquadest. A 
(NH4)2HPO4 solution at 80 °C for 2 h (the alginate 
33.3 w/w% was the optimum concentration based on 
our previous study [9]. This solution was then dropwise 
added to the calcium oxide solution and continuously 
stirred for 2 h while adjusting the pH of 8, 9, 10, and 11. 
The sample was labeled HAp/Alg-8, HAp/Alg-9, 
HAp/Alg-10 and HAp/Alg-11. The obtained precipitate 
was filtered with Whatman No.41 filter paper and was 
rinsed until the pH was 7. The resulting solid was dried 
at 120 °C for 5 h to obtain the HAp/Alg composite. The 
HAp/Alg-11 as optimum composite was sintered at 300, 
500, 700, and 900 °C. Then, the sample was labeled 
HAp/Alg-300, HAp/Alg-500, HAp/Alg-700, and 
HAp/Alg-900. The procedure flowchart is shown in Fig. 
1. 
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Fig 1. The procedure flowchart of the research 

 
Drug release test 

A solution was made by diluting 3 mg of clindamycin 
HCl in 50 mL of distilled water. The mixture underwent a 
2 h stirring period at ambient temperature. Afterward, 
10 mg of the sample powder was added to the solution 
and stirred for 24 h at a temperature of 37 °C. Following 
centrifugation, the mixture was desiccated at ambient 
temperature for 7 d. The clindamycin loaded-HAp and 
HAp/Alg composite samples were dissolved in 50 mL of 
phosphate-buffered saline (PBS) with a pH of 7.3. They 
were then placed on a magnetic stirrer at a speed of 
100 rpm and maintained at a temperature of 37 °C. A 
volume of 5 mL was obtained from the samples at 
intervals of 0, 1, 2, 3, 4, 5, and 6 h. To maintain a 
consistent sample volume of 50 mL, an extra 5 mL of PBS 
was added. The samples were examined using a UV-vis 
spectrophotometer configured to function at a specific 
wavelength of 210 nm [18]. The sample's overall drug 
release capacity was quantified as a percentage (t%). 

Antibacterial assay 
The antibacterial activity of HAp and HAp/Alg 

composite against E. coli and S. aureus bacteria was 
evaluated using the diffusion method [19]. Initially, 1 mL 
of the DMSO solvent was employed to thoroughly 
dissolve 10 mg of the materials. Subsequently, bacterial 
isolates obtained from NA media plates were transferred 
to a fresh NA medium by gently scratching them with a 
sterile ose needle in a zigzag pattern. Subsequently, the 
NA medium was incubated with the bacteria for 24 h. 
Next, the MHA medium was inoculated with the bacteria 
using the streaking technique. Then, a pipette transferred 
30 μL of the HAp, HAp/Alg-11, and HAp/Alg-900 
samples into agar wells measuring 7 mm in diameter. The 

petri dish was incubated aerobically at 37 °C for 24 h. 
The size of the zone of inhibition was assessed after 24 h 
of incubation. Clindamycin HCl and DMSO were used 
as the positive and negative controls, respectively. 

■ RESULTS AND DISCUSSION 

Effect of pH on Crystallinity and Morphology of 
HAp/Alg Composites 

Crystals structure analysis 
The XRD patterns of HAp, Alg, and HAp/Alg 

composite with various pH values at 2θ = 15–55° are 
shown in Fig. 2(a-f). All diffraction peaks in the XRD 
patterns of HAp and HAp/Alg composite in Fig. 2(a, c, 
d, e, f) at 2θ = 25.96°, 31.86°, 32.16°, 32.46°, 34.08°, 
39.86°, 46.78°, 49.48°, 53.28°  are  well-matched  with  the  
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Fig 2. XRD patterns of (a) HAp, (b) Alg, (c) Hap/Alg-8, 
(d) Hap/Alg-9, (e) HAp/Alg-10, and (f) HAp/Alg-11 
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Table 1. The crystallite size of HAp in HAp/Alg 
composites with different pH values 

Sample Crystallite size (nm) 
HAp 21.78 

HAp/Alg-8 24.04 
HAp/Alg-9 21.62 

HAp/Alg-10 21.25 
HAp/Alg-11 30.45 

hexagonal phase of HAp (ICSD #157481) with P 63/m 
space group [7,11,13,20-21]. It shows that all the 
synthesized samples with various pH values are well 
crystallized. However, there are differences in the 
intensity of the diffraction peaks of HAp/Alg compared to 
pure HAp. It happened due to the influence of adding Alg 
to form the composite, proven by the distinctive peak at 
21.71° having (200) crystal plane [22]. 

Based on the intensity of each diffraction pattern, 
the below shows that the difference in pH has an 
insignificant effect on the crystallinity of the composite. 
However, pH impacts the change of crystallite size of HAp 
in the HAp/Alg composite, as shown in Table 1. The 
Debye-Scherrer equation (Eq. (1)) can be used to calculate 
the average crystal size. 

kD
cos



 

 (1) 

The variables in the equation are defined as follows: 
λ represents the wavelength of the Cu-Kα radiation 
(1.5406 Å), K represents the Scherrer constant (0.89), ꞵ 
represents the full-width radiants at half maximum 
(FWHM) of the diffraction line, and θ represents the 
Bragg diffraction angle [23]. The crystallite size of HAp, 
HAp/Alg-8, HAp/Alg-9, HAp/Alg-10, and HAp/Alg-11 is 
21.78, 24.04, 21.62, 21.25, and 30.45 nm, respectively. The 
concentration of specific ions in solution can change 
significantly at very high pH. These changes can affect the 
saturation of the solution and the conditions that favor 
the growth of larger crystals. At pH 11, these conditions 
may be more favorable for more considerable crystal 
growth than at other pHs. 

FTIR analysis 
The FTIR spectrum of the HAp-Alg composite with 

various pH values at wavenumbers 4000–400 cm−1 is 
shown in Fig. 3(a-d). Absorption bands were observed at 

472, 563, 603, and 1035 cm−1 for the PO4
3− group [24-26]. 

The deep and wide band at 3435 cm−1 is associated with 
the composite’s vibrations of O–H stretching [27-28]. 
The detected absorption band at 792 cm−1 stands for the 
C–H of Alg. Alongside that, two carboxylic group bands 
were detected at 1637 and 1421 cm−1, representing the 
prominent characteristic bands of the Alg [16,24]. The 
FTIR results corroborate the XRD results, where it is 
proven that HAp/Alg composites are formed at all pH 
variations, and there are no traces of impurities made 
during the reaction took place. The difference in pH 
impacts shifting the absorption band, compared with 
OH stretching of pure HAp at 3359 cm−1 in the previous 
report [9], as shown in detail in Table 2. The O–H 
vibrational absorption band at wavenumber 3359 cm−1 
has shifted towards lower wavenumbers, indicating 
lower energy and the formation of more robust 
interactions between HAp and alginate in the formation 
of HAp/Alg composites. 

SEM-EDX analysis 
The morphological characteristics and elemental 

composition of the HAp/Alg powders were picturized and 
analyzed using SEM-EDX. Fig. 4 shows the SEM images 
and particle size histograms of HAp/Alg-8 (a&e), HAp/ 
Alg-9 (b&f), HAp/Alg-10 (c&g), and HAp/Alg-11 (d&h). 
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Fig 3. FTIR spectra of (a) HAp, (b) Alg, (c) HAp/Alg-8, 
(d) HAp/Alg-9, (e) HAp/Alg-10, and (f) HAp/Alg-11 
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Table 2. Functional group of HAp/Alg composites with different pH values 

 
Wavenumber (cm-1) 

HAp/Alg-8 HAp/Alg-9 HAp/Alg-10 HAp/Alg-11 
Phosphate (PO4

3−)     
ν2 bending 472.05 471.57 471.78 471.80 
ν3 asymmetric stretching 1035.42 1036.94 1035.74 1035.95 
ν4 bending 563.44, 603.32 563.92, 604.14 563.68, 604.56 563.58, 603.29 
COO asymmetric stretching 1637.53 1633.95 1637.55 1639.08 
COO symmetric stretching 1420.889 1422.93 1421.20 1421.96 
C–H of Alg 792.59 792.71 792.52 792.66 
O–H stretching 3435.59 3435.88 3435.88 3435.81 
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Fig 4. SEM images and particle size histogram of (a&e) HAp/Alg-8, (b&f) HAp/Alg-9, (c&g) HAp/Alg-10, (d&h) 
HAp/Alg-11, and (i) EDAX of HAp/Alg composite 
 
Table 3. The average particle size of HAp/Alg composites 
with different pH values 

Sample Average particle size (nm) 
HAp/Alg-8 1362 
HAp/Alg-9 958 

HAp/Alg-10 669 
HAp/Alg-11 401 

The morphology of HAp/Alg at various pH levels tends to 
be irregularly spherical and agglomerated. At alkaline 
conditions, the mobility rate of Ca2+ and PO4

3− ions is fast 
due to the high kinetic energy, so they collide quickly, 
leading to some agglomeration [29]. The average particle 
size at each pH value is different, as shown in Table 3. The 
average particle size is 1362, 958, 669, and 401 nm for the 
HAp/Alg-8, HAp/Alg-9, HAp/Alg-10, and HAp/Alg-11, 
respectively. In conclusion, as the pH value rises, the 
average particle size tends to be more petite and uniform, 
although some agglomeration exists [30]. 

Next, the EDX spectrum exhibited the peak of Ca, P, 
C, and O elements of the HAp/Alg composite that 
graphed in Fig. 4(i). The molar ratio of Ca/P was obtained 
at 1.43 (lower than 1.67), caused by the presence of carbon 
from Alg. The appearance of the carbon element proves 
that there is an interaction between Alg and HAp to form 
HAp/Alg composite. The setting of pH values during the 
reaction affected the morphology of the composite. Fig. 4 
displayed that the obtained particle size of HAp/Alg-11 is 
smaller than others, and the particle shape tends to be 
uniform compared to other composites. So, HAp/Alg-11 
was chosen as the optimum sample and continued with 
sintering at various temperatures. 

The Effect of Calcination Temperature on 
Crystallinity and Morphology of HAp/Alg 
Composites 

XRD analysis 
The diffraction patterns of the HAp/Alg composite 

in different sintering temperatures at 2θ = 15–55° are 
shown in Fig. 5(a-e). The pure hexagonal phase was 
obtained for HAp/Alg-300 and HAp/Alg-500, and no 
new phase appeared. However, HAp/Alg-700 and 
HAp/Alg-900 have a new phase, such as whitelockite. It 
agrees with research conducted by Jarudilokkul et al. 
[31], who reported that the crystallization of HAp occurs 
at 635 °C, and the other phases of calcium phosphate, 
such as TCP and whitlockite, appeared as passing through 
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Fig 5. XRD patterns of HA composite at (a) HAp/Alg, 
(b) HAp/Alg-300 (c) HAp/Alg-500, (d) HAp/Alg-700, 
and (e) HAp/Alg-900 
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that temperature [31]. Chen et al. [32], also reported that 
the increasing sintering temperature caused HAp to lose 
the –OH group, changing its structure to another phase 
[32]. The phase transformation from HAp to whitelockite 
may also impact the growth of larger crystals. The phase 
change may trigger more significant crystal growth in 
whitelockite, resulting in larger crystal sizes than HAp in 
HAp/Alg composite, as shown in Table 4. 

FTIR analysis 
The FTIR spectrum of the HAp-Alg composite with 

various sintering temperatures at wavenumbers 4000–
400 cm−1 is shown in Fig. 6(a-e). The absorption bands 
appear at the exact wavenumber as the FTIR spectrum of 
pH value variation in Fig. 3. However, the rising sintering 
temperature decreases the OH stretching intensity mode 
at 3435 cm−1. It indicates that water content decreases to 
form the stable HAp/Alg composite [30]. Chen et al. [32], 
also stated that hydroxyapatite could lose –OH group 
when the sintering temperature was increased, and the 
structure will transform to form another phase, such as 
whitelockite, Ca9(PO4)6PO3OH. The difference in 
sintering temperature impacts on shifting the absorption 
band, compared with OH stretching of pure HAp at 
3359 cm−1 in the previous report [9], as shown in detail in 
Table 5. 

SEM-EDX analysis 
SEM images show that the calcination temperature 

plays a vital role in determining the morphology of a 
material. Fig. 7 displays the SEM pictures of the HAp/Alg 
composites powder with different sintering temperatures 

for HAp/Alg-300 (a), HAp/Alg-500 (b), HAp/Alg-700 
(c), and HAp/Alg-900 (d). As the sintering temperature 
increased to 900 °C, the morphology changed and 
formed a uniform flake-like particle shape. HAp/Alg-900 

Table 4. Average crystallite size of HAp in HAp/Alg 
composites with different sintering temperatures 

Sample Crystallite size (nm) 
HAp/Alg 30.45 

HAp/Alg-300  22.05 
HAp/Alg-500 20.54 
HAp/Alg-700 38.30 
HAp/Alg-900 48.97 
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Fig 6. FTIR spectra of HAp/Alg composite of (a) 
HAp/Alg, (b) HAp/Alg-300 (c) HAp/Alg-500, (d) 
HAp/Alg-700, and (e) HAp/Alg-900 

Table 5. The functional group of HAp/Alg composites with different sintering temperatures 

 
Wavenumber (cm−1) 

HAp/Alg HAp/Alg-300 HAp/Alg-500 HAp/Alg-700 HAp/Alg-900 
Phosphate (PO4

3−)      
ν2 bending 471.80 472.40 471.60 472.75 472.62 
ν1 symmetric stretching - - 964.15 963.81 - 
ν3 asymmetric stretching 1035.95 1038.91 1039.68 1039.33 1038.62 
ν4 bending 563.58, 603.29 563.94, 603.26 564.61, 603.29 567.17, 603.33 557.55, 603.00 
COO asymmetric stretching 1639.08 1639.58 1637.94 1650.80 1634.83 
COO symmetric stretching 1421.96 1455.17 1450.50 - - 
C–H of alginate 792.66 792.34 792.47 792.96 792.94 
O–H stretching 3435.81 3435.78 3435.78 3435.72 3435.57 
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Fig 7. Morphology depiction of HAp/Alg composite, (a & e) HAp/Alg-300, (b & f) HAp/Alg-500, (c & g) HAp/Alg-
700, (d & h) HAp/Alg-900, and (i) EDAX of HAp/Alg-900 
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Table 6. The average particle size of HAp/Alg composites 
with different sintering temperatures 

Sample Average particle size (nm) 
HAp/Alg-300 332.65 
HAp/Alg-500 294.69 
HAp/Alg-700 323.26 
HAp/Alg-900 323.78 

has good homogeneity, size, and shape that could attend 
as a notable aspiring for biomedical utilization such as 
drug delivery material. Fig. 7(e-h) shows the histogram of 
the particle size of each sintering temperature variation. 
The average particle size is 332.65, 294.69, 323.26, and 
323.78 nm for HAp/Alg-300, HAp/Alg-500, HAp/Alg-
700, and HAp/Alg-900, respectively, as shown in Table 6. 
It can be seen that the average particle size of HAp/Alg-
700 and HAp/Alg-900 increases from 323.26 to 
323.78 nm. It occurs due to the evaporation of the residue 
and diffusion between grain boundaries of the particles, 
causing the formation of interconnected flake-like 
particles [30]. 

The illustrated EDAX spectrum (Fig. 7(i)) showed 
each of the elements that contributed to the formation of 
the HAp/Alg composite. From EDAX the calculated Ca/P 

molar ratio was found to be 1.69. The presence of the C 
element marked the interaction of alginate and 
hydroxyapatite in the composite formation. 

BET-BJH analysis 
The surface areas of the pure HAp, HAp/Alg-11, 

and HAp/Alg-900 samples were examined using the 
BET nitrogen adsorption-desorption isotherm and are 
depicted in Table 7. Table 7 shows that HAp, HAp/Alg-
11, and HAp/Alg-900 surface areas are 74.963, 162,584, 
and 7.161 m2/g, respectively. In general, the surface area 
of HAp ranges from 70–230 m2/g, indicating HAp 
nanoparticles have been formed, depending on the 
synthesis method. The higher surface area of HAp/Alg-
11 compared to HAp and HAp/Alg-900 is associated 
with lower crystallinity and smaller particle size [33]. 

The textural properties and pore size of the HAp, 
HAp/Alg-11, and HAp/Alg-900 samples were 
determined using the adsorption-desorption of nitrogen 
and BJH methods, as shown in Fig. 8(a-c). The typical 
type IV adsorption isotherm was illustrated for all 
samples, and the pores ranging in size from 3 to 30 nm 
have mesoporous behavior reflected by the hysteresis loop 
with H1-type. According to the present observation, the  

Table 7. Surface area and pore size comparison of the samples 

Sample code 
Surface areas 

(m²/g) 
Average pore diameter 

(nm) 
Total pore volume 

(cm3/g) 
HAp 74.9630 9.3696 0.1756 

HAp/Alg-11 162.5840 5.1157 0.2560 
HAp/Alg-900 7.1610 5.6081 0.0100 
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Fig 8. Adsorption-desorption of nitrogen and BJH of (a) HAp, (b) HAp/Alg-11, and (c) HAp/Alg-900 

 
mesoporous HAp type has characteristics similar to major 
inorganic parts of human bone. It is becoming more and 
more attractive in biomedical terrain, notably for drug 
delivery applications. 

Release Behavior of HAp and HAp/Alg Composite 

The percentage of drug release was calculated to 
determine the possibility of HAp and HAp/Alg 
composites being applied as drug delivery materials. 
Clindamycin HCl was used as a drug model that adsorbed 
by HAp and HAp/Alg composite. Drug release was 
carried out in PBS solution with a stirring speed of 
100 rpm, mimicking the condition of drugs in the human 
body's bloodstream. Theoretically, the release of drugs 
depends on the diffusion process [34]. 

The release profile of clindamycin by HAp, 
HAp/Alg-11, and HAp/Alg-900 reached 40.68, 54.82, and 
37.58% in the first hour as shown in Fig. 9. Brust release 
at the initial time occurred because of the ion exchange 
between the composite and PBS solution, which led to 
erosion and caused the burst release of the drug [35]. 
Then, it increased with time to 69.65, 78.62, and 68.62% 
at 6 h of release in PBS, and the maximum release reached 
74.48, 92.75, and 69.65% at 8 h. These results show the 
same trend as those reported by Tiraton et al. [18]. In the 
first 200 min, clindamycin HCl release has reached > 80% 
and is almost stable for up to 24 h. The total quantity of 
clindamycin delivered by microneedles 25S-75G-6C, 25S-
75G-8C, and 25S-75G-10C was 90.16 ± 1.91, 92.15 ± 0.88, 

and 94.24 ± 2.38%, respectively, based on the actual 
amount of clindamycin [18]. 

The HAp/Alg-11 shows the maximum drug release 
because of the largest surface area, as shown in Table 7. 
The larger the surface area, the more contact with the 
drug, so the amount of drug absorbed is also more 
significant. As a result, the amount of drugs released into 
PBS is also increasing. Clindamycin HCl absorption is 
caused mainly by the electrostatic interaction between 
positive-charged HAp and negative-charged groups of 
clindamycin molecules [36]. These results confirm that 
alginate helps control the release of clindamycin HCl from 
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Fig 9. Clindamycin HCl release profile of HAp, 
HAp/Alg-11, and HAp/Alg-900 
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Fig 10. Antibacterial activity test of HAp, HAp/Alg-11, 
and HAp/Alg-900 against S. aureus and E. coli bacteria 
before drug loading (a & c), and after drug loading (b & 
d) 

the material carrier to prolong the diffusion process [37]. 

Antibacterial Assay 

The antibacterial activity test of HAp, HAp/Alg-11, 
and HAp/Alg-900 composites before and after loading the 
drug against S. aureus and E. coli bacteria is shown in Fig. 
10. In Fig. 10(a, c), it can be seen that there is no zone of 
inhibition of HAp against S. aureus. However, there is a 
zone of inhibition against E. coli, although unevenly 
distributed. It shows that HAp has antibacterial activity, 
but it depends on the type of bacteria. It is consistent with 
what was reported by Abdulkareem et al. [13] that HAp 
exhibits antibacterial properties against both Gram-
negative and Gram-positive bacteria. This is attributed to 
its capacity to enter the bacterial cell wall through 
electrostatic interactions with HAp, as well as the 
subsequent reformation of HAp within the cell. However, 
the effectiveness of this mechanism may vary depending 
on the specific characteristics of the bacterial species. 

HAp/Alg-11 composite has antibacterial activity, 
where the inhibition zone formed is 6 mm against S. 
aureus and 18 mm against E. coli. In contrast, HAp/Alg-
900 does not have antibacterial activity against S. aureus 
and E. coli, as seen from the absence of an inhibition zone 

formed. It is because HAp/Alg-11 contains alginate, 
which has antibacterial activity, while in HAp/Alg-900, 
the alginate has evaporated due to high heating at 
900 °C. These results were compared with the positive 
control, namely the antibiotic clindamycin HCl, which 
has an inhibition zone diameter of 31 mm against S. 
aureus and 43 mm against E. coli. Fig. 10(b, d) shows the 
inhibition zone of (clindamycin HCl loaded) HAp, 
HAp/Alg-11, and HAp/Alg-900 or clindamycin HCl 
loaded composite. The diameter of the inhibition zone 
of these three samples tends to increase after loading the 
drug. It indicates that the three samples can absorb the 
drug to be applied as drug delivery materials. 

■ CONCLUSION 

The HAp/Alg composite from bamboo shells 
(Sollen spp.) had been successfully synthesized using 
precipitation. The results showed that the crystallinity, 
morphological, and chemical characteristics of the HAp 
depended on synthesis parameters, mostly the setting 
pH value and the selected sintering temperature during 
the synthesis process. The drug release of the sample was 
investigated and HAp/Alg-11 has the maximum 
clindamycin HCl release. Antibacterial test results 
showed HAp/Alg-11 has antibacterial activity against S. 
aureus and E. coli. HAp/Alg-11 composite has the 
potential to be developed as a drug carrier material. 
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