
 

 

pH-Sensitive Biogenic Silica-chitosan modified for Targeted Folic 

Acid delivery 
 
King J. Akuetteh1, Bernard O. Asimeng1*, Najat Inusah1, Oluwabusola D. Adeologun1, 

Woedem S. Atsutse1, Sheila P. Kyeremeh1, Edward Amenyaglo1, and Elvis K. Tiburu1 

 

 
1Department of Biomedical Engineering, University of Ghana, Legon, Accra, Ghana. 

 
Corresponding author: boasimeng@ug.edu.gh 

 

 
ABSTRACT 

The drug loading onto silica derived from organic compounds satisfies the need for effective 

biocompatible carriers for sustained and targeted delivery. Silica is a naturally occurring material that 

is biocompatible and biodegradable. However, studies reveal silica nanoparticles' drug loading and 

release capabilities are uncontrolled and erratic. In this paper, biogenic silica (BS) was modified with 

chitosan to improve the loading and release capabilities in vitro. The BS was prepared by calcining 

for 4 hours at 600 ℃, and the modification was accomplished by immersing the BS in a chitosan 

solution overnight. The modified BS (BS-C) was characterised using Fourier transform infrared 

spectroscopy (FTIR) and X-ray diffractometry (XRD). Folic acid loading and release studies were 

performed for the BS alone and the BS-C using UV-Vis spectrophotometry analysis at a wavelength 

of 285 nm. The folic acid loading was done at a pH of 9, and release studies were done at a pH of 

7.24 and 10.40. Results from the comparative analysis of the BS and the BS-C showed improvements 

in drug adsorption efficiency of 29.79 and 73.96%, respectively, in a 2-hour period. Thus, the findings 

show the potential application of folic acid delivery in the small intestine. 
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1.0 INTRODUCTION 

Silica is a material that has become of keen interest 

in the area of nanomaterials. They have provided a 

different avenue for biomedical applications in areas 

such as bio-sensing, cellular uptake, and drug 

delivery (Devi et al., 2016). Following advancements 

in research, the use of silica particles as drug delivery 

systems for sustained drug release is quickly 

becoming a sought-after application for scientists and 

engineers due to significant research focused on the 

design and implementation of biomaterials, which 

provide a sustained release of therapeutics and 
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can be modified for the bioavailability of drugs at 

specific locations in the body (Fenton et al., 

2018).  The sustained drug release reduces the high 

consumption of drugs and reduces toxicity in patients 

(Žid et al., 2020), which has inspired material 

scientists and engineers to study materials that have 

high stability and flexibility for the administration of 

drugs through various pathways (Menon & Pillai, 

2022). One of the many materials that have been 

studied for use as a drug delivery agent is silica 

particles (Isa et al., 2021; Trzeciak et al., 2021). 

These particles can be acquired by organic or 

inorganic means. The use of chemicals such as 

tetraethyl orthosilicate (TEOS) and cetyl trimethyl 

ammonium bromide (CTAB), (Song et al., 2019) 

constitutes the inorganic means, whereas the contrary 

makes use of natural materials composed of biogenic 

silica (BS) (de Cordoba et al., 2019).  

 

Rice husk has been found to have the highest amount 

of silica among all plant-based resources (Chun et al., 

2020), with a study reporting that about 95% by 

weight of amorphous silica can be obtained from rice 

husk after acid leaching treatment and calcination at 

600° (Dorairaj et al., 2022; Suyanta & Kuncaka, 

2011). Its use in obtaining BS is rapidly catching the 

attention of material scientists due to the low cost of 

production and eco-friendliness of these materials 

(Prabha et al., 2021). Approximately 148.2 million 

tonnes of rice husk are produced worldwide each 

year (Park et al., 2021), which speaks to their 

availability for utilisation. This allowed the use of 

rice husks in the production of magnetic Mobil 

Composition of Matter 41 (magMCM-41) for use as 

adsorbents and sensor bases (Kamari & Ghorbani, 

2021). However, their use in designing drug delivery 

systems reveals a major challenge: insufficient drug 

delivery profiles. This was evident when BS was 

used for targeted release studies at pH above 7 

(Salazar Hernández et al., 2014). Subsequent 

research observed an issue of uncontrolled drug 

delivery with BS, using Folic acid (FA) as the model 

drug (Carmen et al., 2017). Folic acid (FA) is an 

essential vitamin used in the regulation of 

homocysteine, to mediate the formation of 

cardiovascular diseases when metabolised (Ganguly 

& Alam, 2015; Ratajczak et al., 2021).  A targeted 

delivery of FA prevents having an excess amount in 

the bloodstream and any possible development of 

cancer (Khan & Jialal, 2022; Tam et al., 2012).  

 

Thus, we propose the use of chitosan for surface 

modification of BS for controlled folic acid studies at 

a selected pH of 7 and 10, since FA is mostly 

absorbed in an alkaline medium in the small 

intestine. Chitosan, a natural polymer with minimal 

toxicity, biodegradability, and biocompatibility 

(Ibrahim et al., 2015), has the presence of hydroxyl 

and amine functional groups that can interact with 

organic and inorganic compounds (Lizardi-Mendoza 

et al., 2016; Zhang et al., 2010). The modified 

material was characterized using X-ray diffraction 

spectroscopy and Fourier infrared spectroscopy, 

while drug loading and release studies were done 

using an ultraviolet (UV) visible spectrophotometer 
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2.0 MATERIALS 

The rice husk used in this study was obtained from 

rice fields in the northern region of Ghana. 

Hydrochloric acid (HCl), nitric acid (HNO3), and 

acetic acid (AcOH) were purchased from Sigma 

Aldrich. Industrial chitosan as well as 

pharmaceutical folic acid from SundownⓇ were used. 

Phosphate buffer saline was also used in the 

dissolution of the pharmaceutical folic acid. 

 

3.0 METHODS 

 

3.1 Extraction of SiO2 from Rice  

A mass of 125g of rice husk was measured and 

washed with water to remove all organic impurities. 

Concentrations of 2 M of both hydrochloric acid 

(HCl) and nitric acid (HNO3) in volumes of 700 and 

150 mL, respectively, were mixed in 150 mL of 

distilled water to form a solvent. The rice husk was 

added to the solvent, stirred, and placed in a water 

bath at 75 °C for 1 h, after which it was dried at room 

temperature for 48 h. The dried rice husk was then 

calcined in a muffle furnace at 600 °C for 4 h.  

 

3.2 Surface Modification of Biogenic Silica  

A mass of 0.15 g of chitosan was completely 

dissolved in 25 mL of 10% acetic acid to form a 

homogenous solution. 1g of biogenic silica (BS) was 

added to this solution in a beaker and stirred with a 

magnetic stirrer for 24 h. The solution was 

centrifuged and dried for 72 h to form a biogenic 

silica-chitosan composite (BS-C). 

 

3.3 Preparation of Folic Acid (FA) 

A mass of 50 mg of pharmaceutical folic acid was 

dissolved in 100 mL of 1% phosphate buffered saline 

(PBS) with a pH of 9.131 in a beaker. The solution 

was stirred for 20 min and filtered to obtain an aliquot 

with a concentration of 0.5 mg/mL. 

 

3.4 Drug Loading and Release 

Folic acid with a concentration of 0.5 mg/mL was 

added to 0.5 mg of both the BS and the BS-C in 

separate Eppendorf tubes. A 360° mechanical rotator 

with a speed of 10 rpm was used to aid in the drug 

loading process in triplicate for 2 h at intervals of 30 

min. The solution was then centrifuged for 5 min at a 

speed of 1000 rpm.  The supernatants from the 

preparation were pipetted, and absorbance was read 

using a UV-Vis spectrophotometer at a wavelength 

of 285 nm. The materials were then dried.  Drug 

release was carried out for both BS and BS-C in PBS 

at a pH of 7.24 and 10.10. The drug release was 

studied in triplicate for 2 hours with time intervals of 

30 minutes with a 360 mechanical rotator at a speed 

of 10 rpm. The absorbance was recorded at each time 

interval using UV-Vis spectrophotometer at a 

wavelength of 285 nm after centrifugation.
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3.5 Characterization Techniques 

 

The BS and BS-C were characterised with an 

X-Ray Diffractometer (XRD) equipped with 

Cu-K𝛼 radiation of wavelength 1.54Å. Also, 

a Fourier transform infrared spectrometer 

(FTIR) was used to determine functional 

groups over a wavelength of 400 to 4000 

cm1. 

 

 

4.0 RESULTS AND DISCUSSION 

4.1 XRD of BS, chitosan and BS-C  

Figure 1 compares the X-ray diffractometry (XRD) 

patterns of biogenic silica (BS), chitosan, and BS 

modified with chitosan (BS-C). The BS is seen to 

have a major peak at the 50 2θ/degrees position, 

whereas the chitosan shows more peaks at 8.5, 20, 

28.9, 38.1, 42.8, 44.4, 47.1, 48.3, 64.8, and 78 

2θ/degrees positions (Ghorbani et al., 2015). The 

profile in Fig. 1 reveals that BS is amorphous while 

chitosan is semicrystalline. However, when the BS is 

modified with chitosan, the BS-C forms an 

amorphous material. The amorphous nature of the 

BS-C is due to the silica and chitosan polymeric 

chains being completely mixed at a molecular level 

(Rajiv Gandhi & Meenakshi, 2012) and masking the 

minor crystalline peaks in chemical reactions that 

result in an amorphous structure (Kamari & 

Ghorbani, 2021). 

Figure 1: XRD patterns of BS, Chitosan and BS 

modified with chitosan (BS-C). 

 

4.2 FTIR of BS, chitosan and BS-C 

Composite 

Figure 2 represents the FTIR spectra of BS, chitosan, 

and BS-C. The broad band between 3610 and 3000 

cm-1 in BS, chitosan, and BS-C is assigned to the 

stretching vibration of surface hydroxyl. The 

stretching vibration of Si-OH is seen in the band 

between 3610 and 3000 cm-1 in the BS. The bands at 

1042, 788, and 439 cm-1 in both the BS and the BS-

C are assigned to the Si-O group and Si-O-Si and 

 

Science and Development 
Volume 7, No. 2, November 2023 

ISSN: 2821-9007 (Online) 

 

Asimeng et al., 2023 • pH-Sensitive Biogenic Silica-chitosan modified for Targeted Folic Acid Delivery…         35 



 

 

and Si-O-Si, respectively (Yuan et al., 2006). The 

bending, symmetric, and asymmetric stretching of 

the Si-O-Si and Si-O at 1042, 788, and 439 cm-1 are 

consistent with the fingerprint region seen for silica 

particles in literature (Chen et al., 2014). Chitosan 

reveals a vibrating NH band, which is spotted at 1640 

cm-1. Other vibrating C-H groups in the chitosan can 

be found at 952 and 800 cm-1. From the BS-C, new 

bands occurred at 1640, 1557, 1408, and 952 cm-1. 

The new bands are attributed to the N-H bending 

vibration of the amine group and the C-H stretching 

bond of the CH2 and CH3 groups, respectively, which 

are characteristic functional groups present in the 

chitosan structure. 

 

Figure 2: FTIR of BS, chitosan and BS modified 

with chitosan (BS-C). 

4.3 FA Loading of BS And BS-C  

FA loading studies were conducted on BS and BS-C 

at room temperature. The drug adsorption efficiency 

(DAE), which quantifies the amount of drug loaded 

onto the material, of BS and BS-C was then 

calculated using the concentration after 2 hours 

obtained from the UV-VIS spectrophotometer: 

 

DAE = 
(𝐶𝑖 −𝐶𝑓 )

𝐶𝑖
 ×100%                         (1) 

 Ci is the initial concentration and Cf is the final 

concentration.  

 

The DAE of BS after 2 h was calculated as 29.79%, 

while that of the BS-C composite was 73.96%, which 

confirms that the BS-C has a higher drug entrapment 

efficiency when compared to BS. Figure 3 compares 

the absorbance readings of the BS and BS-C. It 

shows irregular drug adsorption by the BS, 

confirming the inefficient and uncontrolled drug 

loading characteristic of the BS (Salazar Hernández 

et al., 2014). On the contrary, there was a steady 

decrease in drug adsorption by the BS-C. This 

indicates efficient drug loading  onto the material, 

which could be attributed to the chemical interactions 

taking place between the FA and the composite.
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Figure 3. Drug loading of biogenic silica (BS) and 

BS modified with chitosan (BS-C). 

 

 

4.4 FA Release and Kinetic model of BS and 

BS-C  

FA release studies were carried out for both the BS 

and the BS-C composite to analyse their release 

behaviour at different pH (7 and 10). At a pH of 7.24, 

FA was released into solution by the BS in the first 

30 minutes, and progressively adsorbed again after 

90 minutes (at 30 minutes interval), which confirms 

the poor release character of BS. This could be due 

to the high surface energy of silica (Bauer et al., 

2021; Seied Reza Saeid Jalali et al., 2018), causing 

minimal release from the BS surface. On the 

contrary, there was a sustained release of the FA by 

BS-C composite as seen in Figure 4. This is partially 

due to the character of chitosan reducing the surface 

energy of BS and the interactions between the FA and 

chitosan rather than the BS. At a pH of 10.1, FA 

continued to be released from the BS-C with 

increased affinity of FA to the OH ions in solution as 

well as the character of chitosan. In the BS sample, it 

was suspected that FA released into solution with 

time as a result of FA affinity for OH ions and 

solubility of FA at high pH causing it to release from 

the BS sample.       

Based on dependence of the substance amount 

released with time Figure 4, the data was fitted to the 

Korsemeyer-Peppas kinetic model. Korsmeyer-

Peppas equation, also called power law, is a semi-

empirical model based on the diffusion phenom that 

is used to describe in a general way the main 

transport phenomena involved in release procedures, 

which occurs by either diffusion or swelling (Salah 

Eldeen et al., 2019).  Although a good fit has been 

achieved with this model, several authors have 

shown that Korsmeyer-Peppas is applicable only to 

the first 60% of the release profile (Heredia et al., 

2022; Korsmeyer et al., 1983). The diversity of this 

process can be summarised by the equation :  

F = Km  (2) 

 tn where K is kinetic constant, t is time, n is diffusion 

exponent. The diffusion exponent(n) of the 

Korsmeyer–Peppas model preparation that releases 

the FA as a result of both diffusion and erosion is 

0.384, with an R2 value of 0.9812. Reference values 
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value of 0.9812. Reference values for non-fickian 

transport are  between 0.5< n <= 0.89 (Ballantine et 

al., 1997). It has been clearly shown in Figure 5 that 

the process is consistent with this model and was 

observed only in a period of time between 30 and 120 

min.  

Figure 4. Drug release of biogenic silica (BS) and 

BS modified with chitosan (BS-C) at pH of 7.24 

and 10.10. 

 

 

 

 

 

 

 

 

Figure 5. Kosmeyer-Pepper model of biogenic 

silica (BS) and BS modified with chitosan (BS-C) 

at pH of 7.24 and 10.10. 

 

5.0 CONCLUSION 

The potential of biogenic silica (BS) modified with 

chitosan (C) (BS-C) was evaluated for the adsorption 

and release of folic acid (FA) over a period of 120 

min. The BS-C displayed better drug loading and 

release capability for FA as compared to the BS. The 

release of FA from the BS-C was influenced by the 

pH of the medium. The pH range was chosen to 

mimic the pH in the small intestine, where folic acid 

is absorbed. The release profile of the BS-C agrees 

with the Kosmeyer-Pepper model. The mechanism of 

reaction between BS-C and FA, as well as BS and 

FA, was mainly governed by the adsorption of the 

functional groups. The study shows the potency of 

biogenic silica from rice husk modified with chitosan 

as an effective system for the delivery of FA. 
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