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AbstractQuercetin is a drug candidate with bioavailability but currently limited, necessitating the use of a delivery matrix, such as SantaBarbara Amorphous-15 (SBA-15). Rice husk ash, containing a significant amount of silica, served as a precursor in the synthesis ofSBA-15, which can be functionalized with nanoparticles, including zinc, using sonochemical methods. Therefore, this study aimed tosynthesize Zn/SBA-15 using sonochemistry and evaluate the potential as a drug delivery matrix for quercetin. SBA-15 was formed bysonication of a sodium silicate from rice husk and pore director Pluronic P-123, followed by impregnating Zn at 2%, 4%, and 6% w/w.The characterization of X-ray diffraction (XRD) and fluorescence (XRF) showed a broad peak at 2𝜃 18–30◦ with Zn levels of 1.89%,3.69%, and 5.06%. Furthermore, the analysis of transmission electron microscopy (TEM) showed the presence of Zn nanoparticleswith a range size of 4-14 nm. In vitro drug delivery experiments were carried out using Zn/SBA-15 at concentrations of 1:1 and 1:2 toquercetin. The in vitro test results for a drug loading of quercetin with Zn/SBA-15 6% 1:1 was 28.30 mg/g. The encapsulation efficiencywas 10.96% and the drug release reached 33.64% after 240 minutes.
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1. INTRODUCTION

Quercetin is gaining attention in studies due to the biological
properties (Xiao et al., 2018) . This flavonoid shows potential
benefits for skin health, such as anti-aging and antibacterial
properties. However, the decreased bioavailability of quercetin
resulted in a challenge for topical administration or applica-
tion on the skin (Wadhwa et al., 2022) . The use of meso-
porous materials as drug carriers provides a solution to several
challenges related to insufficient solubility and bioavailability
(Popova et al., 2016) . SBA-15, or Santa Barbara Amorphous-
15, is a type of mesoporous material with a hexagonal pore
arrangement. The large pores of this material allow for easy
access to large drug molecules (Martínez Carmona et al., 2016;
Owens et al., 2016). According to a previous study, SBA-15
mesopore carriers contained 35-45 wt% quercetin and released
the entire amount of the drug (Popova et al., 2016) .

SBA-15 could be easily functionalized on its surface. For
instance, mesoporous silica could be modified with zinc to
administer topical medication because of its property as a con-
venient transition metal with antimicrobial characteristics (Riz-
zotto, 2012; Trendafilova et al., 2017). Zinc ions have a sig-

nificant tendency to bind and generate chelating donor lig-
ands in organic molecules used as agents for delivering drugs
(Mendiguchia et al., 2015) . A previous study showed that the
loaded amount of quercetin was higher for zinc-containing
samples (Popova et al., 2016) .

Commercial materials, including Tetraethoxysilane (TEOS),
serve as a silica source when synthesizing SBA-15 (Jarmolińska
et al., 2020) . Exploring substitutes for silica sourced from nat-
ural materials, such as rice husk ash provides great potential,
as the use of TEOS incurs significant expenses (Rahmat et al.,
2016) . Agricultural waste, such as rice husks, is abundant in
Indonesia and the potential has not been fully maximized. Nz-
ereogu et al. (2023) showed that thermal degradation processes
yield rice husk ash with 85% to 95% silica content, providing
sample opportunity for exploitation.

SBA-15 was commonly synthesized through hydrother-
mal methods (Thahir et al., 2019) . However, sonochemical
methods provide several advantages over hydrothermal, such
as cost-effectiveness, energy efficiency, and environmental sus-
tainability. The synthesis of SBA-15 using the sonochemical
method occurs rapidly at room temperature, while the hy-

https://crossmark.crossref.org/dialog/?doi=10.26554/sti.2024.9.2.480-486&amp;domain=pdf
https://doi.org/10.26554/sti.2024.9.2.480-486


Azizah et. al. Science and Technology Indonesia, 9 (2024) 480-486

drothermal method requires over 100-120 ◦C for 24 hours
(Bai et al., 2020) . Suyanta and Mudasir (2022) reported that
the characteristics of the synthesized SBA-15 using the 30-
minute sonication method are quite comparable to hydrother-
mal methods using TEOS. Therefore, this study aimed to
synthesize SBA-15 from rice husk ash using sonochemical
methods, as well as investigate the effect of varying levels of
Zn impregnation on the mesoporous material used as a drug
delivery agent for Quercetin. Analysis was carried out on in
vitro activities, such as scrutinizing drug loading and encapsula-
tion efficacy. Additionally, the release of quercetin was assessed
using a UV-Vis spectrophotometer.

2. EXPERIMENTAL SECTION

2.1 Materials
The materials used included rice husk (Tamanku. ID), 33%
hydrochloric acid solution, Pluronic P-123 (Merck), sodium
hydroxide (Merck), ethanol (Merck), zinc acetate dihydrate
(Merck), quercetin (Merck), phosphate buffer pH 5.5 (Merck)
and distilled water. The instrumentations used were furnace
(Vulcan A-550), oven (Memmert), sonicator (Auguri LW 4000),
hot plate stirrer (Thermo Scientific), centrifuge (Hettich EBA
20), X-ray diffraction (XRD) (Shimadzu-7000), fluorescence
(PANalytical Type Minipal 4), Fourier Transform Infrared (Shi-
madzu Type IRPrestige 21), Low-Resolution Transmission
Electron Microscope (HT7700), and UV-Vis spectrophotome-
ter (Perkin Elmer lambda 25).

2.2 Methods
2.2.1 Silica Extraction from Rice Husk
Rice husks were washed and oven-dried, then carbonized at 60
◦C for three hours in a furnace. Subsequently, 100 grams of
rice husk ash were dissolved in 125 mL of 1.6 M hydrochloric
acid and stirred at 60 ◦C for three hours. The mixture was
filtered, rinsed with distilled water, and the residue was dried
and calcined at 600 ◦C for another six hours (Suyanta and
Mudasir, 2022) .

2.2.2 Synthesis and Activation of SBA-15
A mixture of 8 grams of silica extract obtained from rice husk
ash and 10 grams of NaOH in a beaker containing 100 milliliters
of distilled water was prepared. The solution was stirred for 2
hours at 80 ◦C, followed by incubation for 12 hours to form a
sodium silicate gel. Afterward, pluronic P-123 (3.9 mL) was
combined with 100 milliliters of 1.6 M HCl and heated while
stirring at 45 ◦C until dissolved. This was followed by the addi-
tion of 100 milliliters of sodium silicate to the Pluronic P-123
solution and sonicated for 30 minutes at room temperature.
The solution was heated to 60 ◦C for one hour before being
filtered and then rinsed with both distilled water and ethanol
until the pH reached neutrality. The product was then rinsed
and filtered with distilled water until a neutral pH water was
obtained and then left to dry for 12 hours at 110 ◦C. The
remaining material was desiccated and subsequently annealed
at 500 ◦C for 6 hours (Suyanta and Mudasir, 2022) .

After treatment with 150 mL of 18% HCl, the 2 g SBA-15
sample was stirred at 400 rpm for 24 hours. Subsequently, the
sample was rinsed and filtered using distilled water to achieve a
neutral pH. The remaining residue was dried for 12 hours at
110 ◦C.

2.2.3 Functionalization of SBA-15
SBA-15 was functionalized using Zinc acetate dihydrate in 2%,
4%, and 6% (w/w) masses mixed into 1 mL of ethanol. This
procedure was followed by incorporating 300 mg of meso-
porous SBA-15, and the resultant mixture was sonicated at
room temperature. Samples were calcined at 500 ◦C for 3
hours and the final product was characterized by XRD, XRF,
and LRTEM (Trendafilova et al., 2017) .

2.2.4 Functional Group Analysis Using FTIR
The Zn-Qu/SBA15 sample was crushed with KBr in a 1:10
ratio. Afterward, the sample was measured at a wave number
range of 4000-500 cm-1.

2.2.5 Loading Test and Drug Encapsulation Efficiency
Quercetin at 2 mg and 4 mg were dissolved in 100 mL of
ethanol. The solution was then subjected to centrifugation at
2500 rpm for 45 minutes and allowed to rest for 1.5 hours. The
supernatant obtained was drawn off using a pipette (1 mL), and
subsequently diluted with 100 mL of ethanol. Initial concen-
tration (C0) was measured using a UV-Vis spectrophotometer
at a predetermined wavelength.

Zn/SBA-15 and quercetin at mass ratios of 1:1 and 1:2
were dissolved in 100 mL of ethanol and treated according to
the C1 procedure. The concentration of quercetin was deter-
mined using the standard calibration curve equation in ethanol,
enabling the calculation of drug loading and encapsulation effi-
ciency (Zaharudin et al., 2020) .

Encapsulation Efficiency (%) = (C0 − C1)
C0

× 100% (1)

Drug Loading (mg
g

) = (C0 − (C1 ×V1))V0
w

(2)

Notes:
C1: Drug levels after dissolving in solvent and Zn/SBA-15

(mg/L)
C0: Drug concentration after dissolving the solvent (mg/L)
V1: Final volume of supernatant (L)
V0: Volume of solvent (L)
W: Mass of Zn/SBA-15 (g)

The solution C1 was tested for drug loading and encap-
sulation efficiency using a UV-Vis spectrophotometer. The
measurements between 200 and 600 nm were taken and the
maximum wavelength shift was used for analysis
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Table 1. Element Composition of Zn/SBA-15

Sample
% Mass of the Element

Si Zn Al S Ca Fe Cl

SBA-15/Zn 2% 61,4 1,89 0,168 0,056 0,066 0,029 0,015
SBA-15/Zn 4% 61,3 3,69 0,174 0,014 0,061 0,030 0,058
SBA-15/Zn 6% 56,8 5,06 0,171 0,019 0,049 0,027 0,069

Table 2. FTIR Results of Qu-Zn/SBA-15 6% 1:1 Compared with the Results of Other Studies

Functional Groups
Wavenumbers (cm-1)

Quercetin Qu-Zn/SBA-15 Qu-Zn/SBA-15
(Kalinowska et al., 2016) (Trendafilova et al., 2017) (this research)

v C O 1672 1655 1661
v C OH 1362 1380 1321

2.2.6 In-vitro Drug Release Test
The sample with the greatest percentage loading and encap-
sulation was mixed in 1 mL of ethanol and heated until the
solvent evaporated, then dried at 40 ◦C overnight. The sam-
ple incubated with 100 mL of pH 5.5 phosphate buffer while
being stirred at 300 rpm, at a temperature of 37 ◦C. At 30,
60, 120, 180, and 240-minute intervals, 1 mL was extracted
from the release medium and subsequently diluted to 50 mL.
UV-Vis spectroscopy analysis was carried out at 367 nm to
calculate the concentration of released quercetin using the stan-
dard calibration curve equation at pH 5.5 (Trendafilova et al.,
2017) . The percentage of quercetin release was determined
using Equations (3) and (4).

Drug Release =
Cquer ( mgL ) × FP × Volume Media (L)

1000
(3)

%Drug Release =
Drug Release (g)

Total Quercetin Added (g) × 100%

(4)

Notes:
FP: Dilution factor
C: Concentration

3. RESULTS AND DISCUSSION

3.1 Characteristics of Synthesized SBA-15
The process of calcination and leaching of rice husk ash was
aimed at eliminating impurities, including metal oxides or or-
ganic materials, to improve the quality of silica (SiO2) (Nz-
ereogu et al., 2023) . Consistent with a previous study by
Morales Paredes et al. (2023) , the rice husk ash obtained was
white due to the decrease in impurity concentration. According
to Kikuchi et al. (2016) , the sodium hydroxide dissolved the
silica extract from rice husk ash to produce sodium silicate, as
shown in Equation (5).

Figure 1. Diffractogram Pattern of Zn Impregnated SBA-15

SiO2 + 2NaOH → Na2SiO3 + H2O (ΔH = −85 kJ mol−1)
(5)

The sodium silicate was used to synthesize SBA-15, using
pluronic P123 as the template. The synthesized SBA-15 was
activated using HCl since it created an acidic environment,
resulting in an abundance of H+ ions and formation of silanol
groups. These silanol groups act as Bronsted acids and interact
with metal ions (Tsyganenko et al., 2000) . Figure 1 shows the
diffractogram pattern of SBA-15, with broad and no sharp
peaks within the 2𝜃 range of 18-30◦. A similar pattern was
found in previous studies where the synthesis of SBA-15 in-
cluded TEOS precursors through hydrothermal or sonication
methods. This resulted in a broad peak at 2𝜃 of 18-35◦, re-
flecting an amorphous silica structure (Filiz and Balci, 2019) .
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Figure 2. a) Nanoparticles Zn in SBA-15 Under 100 nm Scale, b) Nanoparticles Distribution Size

Figure 3. FTIR Spectrum of Quercetin Chelation with
Zn/SBA-15

Figure 4. Chelation of Zn with Quercetin: a) Through A and
C Ring, b) Involved Only C Ring

The new peaks at 2𝜃 , namely 31◦, 34◦, 36◦, 47◦, 56◦, 62◦,
and 68◦ confirmed effective Zn impregnation in SBA-15, con-
sistent with a previous study (Zhixiong et al., 2014) . The signal
intensity at the metal’s characteristic peak grows with increas-

Figure 5. Drug Loading and Encapsulation Efficiency of
Zn-Qu/SBA-15 1:1 and 1:2

ing zinc content in SBA-15. The Zn/SBA-15 2% and 6%
samples exhibited the highest and lowest amount of silicon (Si)
in comparison to others with a percentage of 61.4% and 56.8%,
respectively (Table 1). The concentration of zinc introduced to
SBA-15 was found to be positively correlated with the quantity
impregnated.

The XRF result in Table 1 shows that SBA-15 material
contains rice husk ash impurities, such as Al, S, Ca, Fe, and Cl
(Nasir et al., 2021) . The concentration of HCl has a significant
impact on the presence of impurities. According to a previous
study, a 2 M concentration of HCl can remove up to 95% of
impurities (Pote et al., 2022) .

The presence of nanoparticles was observed below the 100
nm scale as previously reported (Bhuyan et al., 2015) . Figure
2 shows that the Zn nanoparticles remain on the surface of
the mesoporous channel. After processing with the ImageJ
application, the zinc nanoparticles, ranging in size from 4-
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Figure 6. (a) Calibration Curve of a Standard Solution of Quercetin in Phosphate Buffer pH 5.5; and (b) Drug Release of
Quercetin in Zn/SBA-15 6% 1:1

14 nm, were distributed onto SBA-15 (Refat et al., 2021) .
However, the particles have agglomerated on the surface of
SBA-15 areas. The hexagonal pore pattern of SBA-15 was
only observed in high-resolution TEM measurements, which
was not showed in this result.

Figure 3 shows the FTIR results of the Zn/SBA-15 with
quercetin ratio of 1:1. The IR spectra show the stretching
vibration presence of Si O Si and Si OH from SBA-15
at 1100 cm−1 and ∼900 cm−1, respectively, as well as O H
derived from water molecules at 3400 cm−1 (Khanh Nguyen
et al., 2020) .

A comparison was made between the functional groups and
the parent quercetin to clarify the interaction between quercetin
and Zn/SBA-15. The FTIR and previous study results for
Qu-Zn/SBA-15 are shown in Table 2. The wave numbers
from quercetin were shifted lower at the C O and C OH
groups, suggesting an interaction between zinc and quercetin
(Kalinowska et al., 2016) . The result of Kalinowska et al. (2016)
showed that the C O functional group was observed to shift
from 1672 cm-1 to 1661 cm-1, while the C OH shifted from
1362 cm-1 to 1321 cm-1. This decrease in wave number was
attributed to the preference for chelating metal bonds over
hydrogen bonds (Azizah et al., 2020) .

Based on the FTIR assay results, quercetin showed a ten-
dency to chelate zinc metal at the C O and C(5) OH in ring
C and A, respectively, as illustriated in Figure 4a, or C(3) –OH
in ring C (Figure 4b). According to Refat et al. (2021) , C(4) O
carbonyl oxygen atom on the C ring, and the C(3) –OH or
C(5) –OH group can coordinate Zn(II) metal ions.

3.2 Drug Loading and Encapsulation Efficiency
The drug-chelating ability of Zn/SBA-15 was measured at
band I with a wavelength of 370 nm, which showed the ab-
sorption of the cinnamoyl B ring (Elvira et al., 2018) . Based
on absorbance measurement, the amount of drug loading in-

creased in direct proportion to the concentration (%) of zinc in
Zn/SBA-15, as shown in Figure 5. The highest loading values
were observed in 6% Zn/SBA-15 with quercetin at ratios of 1:1
and 1:2, at 28.3 mg/g and 43.41 mg/g respectively. According
to Trendafilova et al. (2017) , increasing the zinc concentration
to 6% resulted in an increase in drug loading. This increase was
also observed in the study conducted by Popova et al. (2016) .

The encapsulation efficiency was found to increase with
increasing zinc concentration in SBA-15. Furthermore, the
maximum encapsulation efficiency of 17.5% was observed in
Zn/SBA-15 6% with a 1:2 quercetin ratio, as shown in Figure 5.
The minimum encapsulation efficiency of 2.7% was recorded in
Zn/SBA-15 2%. According to Patel et al. (2014) , particle size
was considered an important parameter as the size of the parti-
cle affects its physical stability in colloidal suspension. Adrover
et al. (2020) also showed that a decrease in the particle size of
the drug carrier matrix results in a decrease in efficiency.

3.3 Drug Release Result
A study conducted by Trendafilova et al. (2017) showed that the
release of quercetin takes place in a phosphate buffer solution
with a pH of 5.5, corresponding to the physiological pH of the
skin. Quercetin exhibited a higher release rate under acidic pH
conditions (Alkahtani et al., 2022) . The concentration of the
release quercetin was calculated based on the standard curves
prepared in pH 5.5 solution as shown in Figure 6a. Higher
levels of zinc result in a slower release of quercetin, possibly due
to the complexation of quercetin. In comparison with previous
studies (Trendafilova et al., 2017) , 4% of zinc needed less than
an hour to release the drug. In this study, 6% of zinc required
more than 240 minutes to release 30% of quercetin. However,
the content of quercetin increases due to the solubility of the
Zn-quercetin complex in water (Uskoković Marković et al.,
2020) .

The drug release was 0.2% after the first 30 minutes, as
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shown in Figure 6b, and later increased to 33.6% at the 240th

minute. Previous studies have shown that SBA-16/Zn 4% can
release up to 70% of quercetin (Popova et al., 2016) . The size
of pores in carriers was commonly acknowledged to have a
significant impact on drug release. This is exemplified by the
smaller mesopore size of SBA-15 when compared to SBA-16
(Adrover et al., 2020) . In several studies, the percentage of
drug release from functionalized SBA-15 was lower due to in-
creased inhibition of drug exit. Furthermore, the slower release
of quercetin in samples containing Zn may be attributed to
complexation in the cavity, formation of zinc oxide, and nar-
rower pores entrance (Popova et al., 2016) . The slow-release
formulations can be applied topically to the skin. Consistent
with the study conducted by Kajbafvala et al. (2018) , the slow
release of quercetin shows significant usefulness in controlled-
release applications, such as topical sunscreen formulations, as
it provides long-term UV protection.

4. CONCLUSIONS

The sonochemical method was applied to synthesize SBA-15
using a silica precursor obtained from rice husk ash. Analysis
from XRD showed a formation of amorphous SBA-15 with
wide peaks within the 2𝜃 18-30◦ range. The impregnation of
zinc within SBA-15 had a significant effect on the composite
elements, showing zinc quantities of 1.89%, 3.69%, and 5.06%
in Zn/SBA-15 2%, 4%, and 6% (w/w), respectively. Zinc parti-
cles were successfully impregnated on the SBA-15 pore and
surface in a range size of 4-14 nm. The FTIR analysis showed
that quercetin interacted through chelation with Zn/SBA-15
at 1661 and 1321 cm-1. The result of in vitro testing showed
that the highest quercetin drug loading reached 43.4 mg/g with
an encapsulation efficiency of 17.5% in 6% Zn/SBA-15 with a
ratio of 1:2 to quercetin.
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