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ABSTRACT 

Objective: Curcumin belongs to BCS class IV, which has low solubility, around 7.8 µg/ml and its results of low bioavailability. The study aimed to 
enhance solubility and dissolution rate of curcumin by adsorption in mesoporous silica SBA-15.  

Methods: The synthesis of SBA-15 was done by using tetraethyl orthosilicate (TEOS) as silica precursors and Pluronic P123 (EO20PO70EO20) as 
template of pore-forming. Impregnation of curcumin in SBA-15 was conducted by evaporation in ethanol solution with 2:1 of curcumin: SBA-15 
proportion. Curcumin-SBA-15 were characterized by Nitrogen Adsorption-Desorption Isotherm, Powder X-Ray Diffraction (PXRD), Fourier 
Transformed Infrared (FT-IR), Differential Scanning Calorimetry (DSC), and Scanning Electron Microscopy (SEM). The solubility test was performed 
by using an orbital shaker for 24 h in CO2-free distilled water. The dissolution rate was conducted in CO2-free distilled water using USP Type-II 
dissolution test apparatus.  

Results: Efficiency entrapment of curcumin-SBA-15 was 59.433%. The successful adsorption of curcumin in SBA-15 was confirmed by reducing its 
surface area (48.165 m2/g) and pore volume (0.073x10-1 cm3/g). The results of PXRD analysis showed that decreased in the intensity of the 
diffraction peak. In addition, the FTIR spectrum of curcumin-SBA-15 was similar to its intact component. The solubility and dissolution rate test of 
curcumin-SBA-15 enhanced 2.201 times and 3.214 times at 60 min compared to intact curcumin.  

Conclusion: It can be concluded that the adsorption of curcumin in SBA-15 increased both the solubility and dissolution rate of curcumin. 
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INTRODUCTION 

Curcumin (CUR) is the most active component of Turmeric 
(Curcuma longa L.), which has several therapeutic benefits, including 
antioxidant, antimicrobial and anti-carcinogenic, and anti-
inflammatory, one of the most difficult challenges in developing 
curcumin is low oral bioavailability due to its hydrophobicity. 
Curcumin belongs to Biopharmaceutics Classification System (BCS) 
class IV in which the solubility is around 7.8 µg/ml and resulting 
limit its efficacy [1, 2]. Several methods have been developed to 
improve the solubility of the compound, such as solid lipid 
nanoparticle, solid dispersion, colloidal drug delivery systems, 
microemulsion and multicomponent crystal [3, 4]. 

A mesoporous material have attracted a great deal of interest in the 
past decade because of specific features which are well-ordered 
pores, high surface area and high porosity. Mesoporous materials 
consist from silica and non-silica substance like mesoporous oxide 
metal with nitrate salt precursor from the metals Zn, Ni, Co, Pb, Al. 
However, non-silica mesoporous have a high reactivity in 
condensation and hydrolysis reaction from oxide metal precursor, 
resulting an unstable mesoporous. Thus, mesoporous silica is more 
commonly used than non-silica [5]. 

Mesoporous silica has been proven to enhance the solubility and 
dissolution rate of poor soluble drugs. The inclusion of 
carbamezapine in MCM-41 mesoporous, which has synthesized 
using cetyltrimethylammonium chloride (CTACl) showed that the 
dissolution MCM-41-CARBA reached 97% in deionised water, 90% 
in phosphate buffer and 83% compared to the crystalline form the 
drug release was only 60%, 65% and 35%, respectively [6]. In 
addition, ketoprofen into SBA-15 showed increasing its solubility up 
to 95% in acidic and basic pH [7]. 

In this study, SBA-15 mesoporous silica is used due to thick pore 
walls so will present better thermal stability than MCM-41. SBA-15 
is synthesized using nonionic surfactant (normally containing 
triblock-copolymers) which can used as a template of pore-forming. 
In the acidic solution, surfactant will organize the micelles formation 

and coated by silica precursor tetraethyl ortho-silicate (TEOS). 
Mesoporous silica SBA-15 was obtained by removing surfactant with 
calcination method in the high temperature. Therefore, this study 
aims to prepare curcumin in SBA-15 mesoporous by adsorption 
process in order to enhance the solubility and dissolution of 
curcumin. The mesoporous are characterized by Nitrogen 
Adsorption-Desorption Isotherm, Powder X-Ray Diffraction (PXRD), 
Fourier Transformed Infrared (FT-IR), Differential Scanning 
Calorimetry (DSC), Scanning Electron Microscopy (SEM) [8, 9]. 

MATERIALS AND METHODS 

Materials 

Curcumin (Tokyo Chemical Industry, Japan), Pluronic P123 
([HO(CH2CH2O)20(CH2CH(CH3)O)70(CH2CH2O)20H]) (Sigma Aldrich, 
US), TEOS (Tetraethyl Ortho-Silicate) (Sigma Aldrich, US), 
hydrochloric acid, ethanol, sodium chloride and deionized water. 

Methods 

Preparation of SBA-15 

Synthesis of mesoporous silica SBA-15 was performed by molar 
ratio of TEOS: HCl: H2O: P123 as 1:6:166:0.02 with the addition of 6 
moles of NaCl. In a typical synthesis process, Pluronic 123 and NaCl 
were dissolved in 2 M hydrochloric acid (HCl) and deionized water, 
stirred for 24 h at room temperature. Tetraethyl ortho-silicate 
(TEOS) was added, a clear solution was achieved after 3 h of 
continuous mechanical stirring of the solution then stored at 80 ⁰C 
for 24 h as for hydrothermal process. The white solid product was 
washed and filtered with deionized repeatedly and dried at 50 °C. 
The removal of the surfactant template was achieved by calcination 
in 550 °C for 4 h to form SBA-15 [10]. 

Adsorption of curcumin in SBA-15 

Curcumin was dissolved in ethanol (10 mg/ml) and SBA-15 was 
added in the weight ratios 2:1 (curcumin: SBA-15). Then, the 
mixture was stirred with a magnetic stirrer at a temperature of 80 
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°C at 300 rpm until the solvent evaporated and produced curcumin-
SBA-15 powder. 

Characterization of SBA-15 and curcumin in SBA-15 

1. Nitrogen adsorption-desorption isotherm analysis 

This measurement was conducted based on isothermal adsorption-
desorption using nitrogen gas (Quantachrome novatouch LX-4, US). 
SBA-15 was degassed at 150 °C to obtain P/Po and BET value 
transformation [1/W(P/Po)]. The surface area of SBA-15 and 
curcumin loaded in SBA-15 was calculated using the Brunauer-
Emmett-Teller (BET) method [11]. 

2. Differential scanning calorimetry (DSC) analysis 

Differential scanning calorimeter was used to record DSC 
thermograms (Shimadzu DSC-60 Plus, Japan). SBA-15, curcumin-
SBA-15 and curcumin were scanned progressively by increasing the 
temperature from 20 to 250 °C at a heating rate of 10 °C/min. 
Melting process produce endothermic peak in DSC thermograms 
when the temperature was increased [12]. 

3. Fourier transformed infrared (FT-IR) analysis 

SBA-15, curcumin-SBA-15 and curcumin were analyzed using FT-IR 
(Shimadzu IRTracer-100, Japan) by placing them directly on the 
sampling plate of on window optics with crystal ZnSe, then held by a 
clamp compression micrometer controlled for ensure good contact 
among samples and crystals. Measurement of sample performed on 
the range wave number 4000-400 cm-1 [13]. 

4. Scanning electron microscopy (SEM) analysis 

SEM Analysis (Hitachi FLEXSEM 100, Japan) was conducted with 
method by placing SBA-15, curcumin-SBA-15 and curcumin on 
surface sample holder that has been containing carbon type; then 
conducted coating layered gold so that surface sample could be 
detected by SEM [11]. 

5. Powder X-ray diffraction (PXRD) analysis 

Powder X-ray diffraction (PANanalytical MPD PW3040/60 type 
X'Pert Pro, Netherlands) was used Cu Kα radiation (λ = 1.5406) with 
acceleration voltage and current 40 kV and 40 mA to determine the 
crystallinity of the samples and structural properties of the pure 
then functionalized SBA-15 with 2θ in the range 5-50° with a scan 
interval of 0.02°. The result of this analysis is forming of a curve 
among the intensity peak diffraction sample and 2θ [11]. 

Solubility test 

Solubility test was performed for curcumin and curcumin-SBA-15 by 
adding an excess amount of samples in 100 ml of CO2-free distilled 
water. Then, the samples were shaken with an orbital shaker at rate 100 
rpm and temperature at 25 °C for 24 h. The amount of curcumin 
dissolved was analyzed by using a UV-Visible spectrophotometer at 426 
nm. The solubility test of each sample was performed in triplicated.  

Dissolution test 

The dissolution of curcumin and curcumin-SBA-15 was conducted 
using dissolution type II (Type Paddles) at rate 100 rpm in 900 ml CO2 
free distilled water and sodium lauryl sulfate (SLS) 0.1% as the 
medium at 37 °C±0.5 °C. The amount of curcumin dissolved was 
calculated in 5, 10, 15, 30, 45, 60 min using UV-Vis spectrophotometer 
at 426 nm. The dissolution test was done in triplicated.  

RESULTS 

Nitrogen adsorption-desorption isotherm 

Characterization of nitrogen adsorption-desorption isotherm of 
SBA-15 and curcumin-SBA-15 is shown in table 1. Isotherm curve of 
N2 adsorption-desorption was presented in fig. 1 and N2 gas 
adsorption occurs by physisorption that could use in porous 
material characterization because of the adsorption of N2 could 
release back (desorption), then measured the surface area [14]. 

 

Table 1: Pores characteristic of SBA-15 and curcumin-SBA-15 

Parameter SBA-15 Curcumin-SBA-15 
Surface Area (m 2/g) 343.563 48.165 
Pore Volume (x 10-1 cm 3/g) 4.879 0.073 
Pore Diameter (nm) R= 2.841 or D= 5.682 R = 3.020 or D = 6.040 

 

 

Fig. 1: Isotherm curves A) SBA-15 and B) curcumin-SBA-15 

 

Based on isotherm curve of N2 adsorption-desorption, the pore size 
of SBA-15 and curcumin-SBA-15 were 2-50 nm that indicated the 
size pore of mesoporous. Both of them showed type IV isotherm, 
which is characteristic of mesoporous materials as defined by 
IUPAC. Moreover, the curve isotherm shows hysteresis loops at 0.4-
0.8 of relative pressure (P/P0) with sharp adsorption and 
desorption branches. When relative pressure is increased, the 
adsorption of adsorbates, molecules first adsorb onto the pore 
surface area as a single layer to multilayer, indicating condensation 

capillary of mesoporous. Then, whole surface pores already full 
filled and the relative pressure was decreased to show desorption as 
seen in the illustration of fig. 2. The hysteresis loops have a diameter 
of 3-6 nm, which was in accordance with the result of other study 
[15, 16]. Due to not all of N2 could be released properly, hysteresis 
loops or gaps between curve adsorption and desorption occurred. 
The isotherm curve of desorption will always be on top compared to 
curve of adsorption, which showing that N2 desorbed occurs at a 
lower pressure than the required pressure of adsorption [17]. 
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Fig. 2: Illustration scheme from adsorption-desorption nitrogen 

 

The surface area and pore volume in SBA-15 is larger than curcumin-
SBA-15. Surface area of SBA-15 was 343.563 m2/g decreased to 
48.165 m2/g in curcumin-SBA-15. Similar to the pore volume of SBA-
15 which has 4.879 x 10-1 cm3/g reduced to 0.073 x 10-1 cm3/g in the 
curcumin-SBA-15. The significant reductions in surface area of the 
loaded samples when compared to SBA-15 confirm the good 
adsorption of curcumin within the pores. The diameter of pore on 

SBA-15 and curcumin-SBA-15 are not different for each other that 
indicate the mesoporous has good stability [18, 19]. 

Powder X-ray diffraction (PXRD) analysis 

Diffractogram pattern from PXRD analysis for curcumin, SBA-15 and 
curcumin-SBA-15 is shown in fig. 3 and table 2, with formation 
peaks at a typical 2 for each component with intensity certain. 

  

 

Fig. 3: Diffractogram X-Ray A) Curcumin, B) SBA-15, and C) Curcumin-SBA-15 

 

Table 2: Intensity peak PXRD of curcumin, SBA-15 and curcumin-SBA-15 

Position 2θ (°) Intensity 
Curcumin SBA-15 Curcumin-SBA-15 

12.30 511.968 264.682 266.050 
14.61 605.682 213.988 259.851 
17.42 1531.584 175.960 325.723 
18.24 760.272 195.019 260.914 
23.47 886.929 183.270 322.924 
24.70 886.814 197.195 318.041 
25.68 981.569 184.741 302.296 
26.25 668.668 173.575 283.065 
27.48 768.717 240.463 306.965 
31.79 234.119 959.644 446.464 
45.51 201.575 615.479 306.807 

 

Curcumin is in the crystalline state form that shown from distinctive 
and sharp peaks intensity. Peak diffraction curcumin in position 2 
are 12.3°; 14.61°; 17.42°; 18.24°; 23.47°; 24.70°; 25.68°; 26.25° and 
27.48° which also appropriate with research that has been 
conducted previously. Meanwhile, PXRD peak intensities of 
curcumin-SBA-15 was lower than SBA-15 due to pore filling of 
curcumin which reduced the crystallinity of curcumin in table 2. This 
is consistent with previously reported results by Allazawi, et al. 

showing that decreasing intensity of adsorption amoxicillin in SBA-
15 [18, 20]. 

Fourier-transformed infrared (FT-IR) analysis 

Characterization using FTIR spectrophotometer aims to identify 
group function on a compound based on differences movement 
vibration from molecules that stick together bond. Spectrum results 
absorption infrared on the sample of curcumin, SBA-15 and 
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curcumin-SBA-15 can be seen in fig. 4. 

In the spectrum of SBA-15 observed that there is absorption on 
wave number 3399.78 cm-1 which shows existence group hydroxyl (-
OH). The band locate at 467.54 cm-1 show the presence of Si-O-Si 
bending. Absorption Si–O–Si vibration asymmetric bending found at 
1055.83 cm-1and symmetric stretching at 800.96 cm-1. According to 
Albayati, et al. who have conducted that peak 1100 cm-1is present 
absorptionSi–O–Si asymmetric bending, the spectrum that appears 
about 800 cm-1 signify presence of Si–O–Si symmetric stretching and 
absorption of Si–O–Si bending seen 400 cm-1(19). The results of the 
FTIR spectrum obtained in the study this has in accordance with 

literatures. Meanwhile, in curcumin have absorption on wave 
number of 3503.62 cm-1for OH group, 1450–1630 cm-1 for groups 
C=O and C=C and 1024.69 cm-1(COC). Fig. 4 show that FTIR 
spectrum of curcumin also appeared in the curcumin-SBA-15, 
although there is a little difference in intensity. This is likely due to 
the entrapment of curcumin in SBA-15 (15). 

Differential scanning calorimetry (DSC) analysis 

DSC analysis is one of thermal which can identify phase’s change of a 
material like a temperature transition glass, melting temperature 
and heat flow as a function of temperature and time. Fig. 5 shows 
thermogram DSC of curcumin-SBA-15, SBA-15 and curcumin. 

 

 

Fig. 4: FT-IR spectrum A) Curcumin, B) SBA-15, and C) Curcumin-SBA-15 

 

 

Fig. 5: DSC Thermogram A) Curcumin-SBA, B) SBA-15, and C) Curcumin 

 

In the SBA-15 thermogram, it shows existence thermal glass 
transition at a temperature of 95.8 °C, which is only change the heat 
of capacity, not the phase of SBA-15. However, no melting peak of 
shown in DSC curve fig. 5. The absence of melting point phase 
transitions in the DSC analysis indicates that the samples are 
thermally stable at 250 °C. Thahir, 2019 who also did DSC analysis 
on SBA-15 yielded temperature transition glass at 74 °C and no peak 
for melting temperature [21]. 

The melting point of curcumin was 177 °C which shown by its sharp 
peak. However, the thermogram of curcumin-SBA-15 showed the 
glass transition of SBA-15 and the melting point of curcumin that 
indicated some curcumin was at the outside pore SBA-15 due to 
limitations of small pores size. According to BET analysis, almost 

whole surface SBA-15 pore adsorbed by curcumin is characterized 
with reduced pore volume in the curcumin-SBA-15 [22]. 

Scanning electron microscopy (SEM) analysis 

Surface morphology of SBA-15, curcumin-SBA-15 and curcumin 
analyzed by SEM were presented in fig. 6. The results of SEM 
characterization on SBA-15 show rods grown together in fibers. 
This was also exhibited in previously research of SBA-15 
synthesis. However, the morphology was no clear seen in the 
curcumin-SBA-15 sample because of the existence of curcumin in 
outside SBA-15 pores. SEM analysis only could observe 
morphology on the surface of the material but not for the internal 
structure of SBA-15 [23, 24]. 
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Fig. 6: Morphology on SEM A) SBA-15, B) Curcumin-SBA-15 and C) Curcumin 

 

Solubility test 

Table 3 depicts the enhancement solubility of curcumin-SBA-15 by 
2.201 times compared to intact curcumin. Increasing solubility of 
curcumin due to reduce crystallinity of curcumin after adsorbed on 
the surface of SBA-15 which shown by the lower peak of PXRD 
intensity curcumin-SBA-15. Moreover, small pore sizes of curcumin-
SBA-15 from results analysis nitrogen adsorption-desorption 
isotherm was 6 nm caused blockage growth crystal and increased 
surface area of curcumin-SBA-15 [12, 25]. Solubility test of curcumin 
and curcumin-SBA-15 was statistically tested and the result showed 
that solubility of each sample was significantly different (p<0.05). 

Dissolution test 

Table 4 shows that Curcumin-SBA-15 increased dissolution 
significantly (p<0.05) compared to intact curcumin. The average 

percentage dissolved of curcumin was 17.995±0.8965, while 
curcumin-SBA-15 was 57.827±0.5061 after 60 min. Fig. 7 shows the 
dissolution profile of curcumin in CO2-free distilled water. 

The improvement of dissolution in accordance to the PXRD of 
mesoporous that showed the lower intensity indicated the change 
from crystalline phase into amorphous. In addition, pore size 
analysis of Nitrogen Adsorption-Desorption Isotherm, showing that 
a significant decrease in pore volume of curcumin-SBA-15, indicated 
that almost the whole surface pore was adsorbed by curcumin. The 
small pore size of SBA-15 exhibit larger surface area contact 
between curcumin with the dissolution media, which performed 
improvement of curcumin and accordance with the Noyes-Whitney 
equation. Dissolution of curcumin-SBA-15 was also faster due to the 
bond formed among curcumin with silanol groups on the surface of 
SBA-15 are not too strong [26, 27]. 

  

Table 3: Solubility test results curcumin and curcumin-SBA-15 

Sample Average dissolution rate±SD (mg/100 ml) Enhancement solubility 

Curcumin 0.487±0.0084 - 
Curcumin-SBA-15 1.073±0.0124 2.201 times 

n = 3 

 

Table 4: Dissolution result curcumin in CO2-free distilled water 

Time (min) % Average dissolution±SD 

Curcumin Curcumin-SBA-15 

5 4.769±0.475 19.224±0.478 
10 6.473±0.523 24.088±0.990 
15 8.164±1.015 32.935±1.260 
30 12.629±0.926 45.801±1.363 
45 15.331±0.642 51.709±0.676 
60 17.995±0.896 57.827±0.506 

n = 3 
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Fig. 7: Rate dissolution curcumin in CO2-free distilled water, A) Curcumin and B) Curcumin-SBA-15 

 

CONCLUSION 

This study shows that that curcumin could adsorbed in mesoporous 
SBA-15, based on the results of thermal analysis characterization 
using DSC, X-ray diffraction pattern analysis, IR spectroscopic 
analysis, and morphological analysis with SEM. Curcumin-SBA-15 
mesoporous SBA-15 is able to enhance the solubility and dissolution 
of curcumin, which was increased 2.201 times and 17.995% to 
57.827%, respectively. 
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