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ABSTRACT

This study demonstrates that rice husk as a sustainable, cost-effective source of biosilica, promoting waste
reduction and materials sustainability. Biosilica nano-particles were extracted using a simple and
environmentally-friendly method, characterized through FTIR and SEM analysis to determine the key chemicals
and the morphology respectively and to show antifungal properties against five different fungal species. The
results reveal the presence of silanol and siloxane groups. According to the SEM image analysis, the produce
has irregular shape and rigid surface which contributed to the Si-O-Si frame work. Antifungal assay exhibited
that biosilica inherent antifungal property makes it potential antifungal agent.
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I. INTRODUCTION

Globally, Nigeria is the second largest producer of paddy after China in the world. In Nigeria
approximately 20 million tons of paddy is produced giving 24 million tons of Rice husk and 4.4 million tons of
Rice Husk Ash every year, producing a huge amount of solid waste. Paddy consist of 20-22% of Rice husk [1].
Rice husk has a high calorific value of 2938.86 Kcal/kg. It is the cheapest and the most common renewable
energy source, however by burning of rice husk it becomes hazardous for the environment as well our health if
it not being disposed properly. Burning of rice husk converts the organic component present into 20% carbon
dioxide, air and ash rice husk has a high silica content and it does not burn with an open flame or decompose
completely [2, 4].The concentration of silica in Rice Husk Ash is influenced by the fluctuations of geographical
and environmental conditions, including factors such as climate, harvesting season, soil composition and the
quantity of fertilizer used in the cultivation. The dry Rice Husk contains of 70-85% organic matter such as
lignin, cellulose and hemicellulose which makes it suitable for use in feedstock in bioethanol. From the 70-85%,
21.44% of lignin, 32.24% cellulose, 21.34% of hemicellulose and the inorganic remainder 20-25% which
mainly consist of silica, Silicon Dioxide or silica, exists in two forms, amorphous and crystalline. Naturally
silica is rice husk ash is amorphous, however when combustion above 650°C silica changes its phase from
amorphous to crystalline [3]. Silica amorphous state has a large surface area and is a high purity than crystalline
silica which comes under the IARC Group 1 carcinogenic agent [5,6]. Amorphous silica is known for its wide
range of industrial application, such as coatings, plastics, rubber, electronics, abrasives, refractories and optics.
It also serves as a pivotal precursor for synthesis of wide range of fine compounds. Silica, or silicon dioxide
(Si02) is a naturally occurring compound widely found in the earth’s crust. It plays a crucial role in various
industries including, electronics, construction, and pharmaceuticals. The demand for nano-sized silica particle
has increased significantly due to their unique properties, which include high surface area, reactivity, and the
ability to enhance the mechanical properties of materials[7,8]

Rice husk, a byproduct of rice milling is an abundant agricultural waste that is often discarded or
burned, leading to environmental pollution. It is primarily composed of cellulose, hemicellulose, lignin and
silica, with silica content ranging from 15% to 25%. The conversion of rice husk into nano-silica not holy
provides a sustainable solution for waste management but also offer a potential low-cost source of silica for
various application[2].Research has shown that silica extracted from rice husk exhibits unique properties that
can be utilized in various fields, such as bioengineering, material science, and nanotechnology[9]. The
extraction process involves several steps, which yield silica in nano-particles. The characterization of these
nano-form is essential to determine their physical, chemical, and structural properties, creating way for their
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application in numerous industries [10]. The study thus aim to extract, characterize and determine the antifungal
activity in Biosilica nano-particles from rice husk

1L MATERIALS AND METHODS
2.1 Sample collection
The rice husk used for the extraction of silica was collected from rice mill in Afe Babalola farm (Industrial
Parks), Ado-Ekiti, Ekiti state.

2.2 Materials

Rice husk (200 g) was washed and air-dried. The chemical reagents used are sodium hydroxide (AR, Kermel, >
99%), hydrochloric acid (36%, Loba Chemie), ethanol (AR, JHD,99%), N-[3-(trimethoxy
silyl)propyl]ethylenediamine (sigma Andrich, > 98%), sulfuric acid (98% purity, J. T. Baker), chlofoam,
hydrogen peroxide,potassium iodide, sodium thiosulphate, starch indicator, wij’s solution and distilled water.

2.3Isolation of silica

2.3.1 Pre-treatment

One hundred fifty grams of rice husk obtained from ABUAD Industrial Park Mill, Ado-Ekiti, Ekiti State,
Nigeria, was washed thoroughly with distilled water and air-dried for 3 days before pretreated with HCI (0.2 M;
500 mL) at 100 °C for 90 min with ade-quate stirring. Upon cooling to ambient temperature, it was filtered and
washed with cold distilled water before air-dried for 24 hours.

2.3.2Extraction of biosilica

Fifty grams of the pretreated rice husk was ash in a muffle furnace (model SX2 — 4 — 10) at 700 °C for
12 hours using the AOAC method. The ash content (AC) was determined by Eq. 1. Twenty grams of the ash
was weighed into a beaker (500 ml) followed by the addition of 100 mL NaOH (1 M) and covered with wash
glass. It was heated on a magnet stir- rer at 80 °C for 1 h and 30 min with constant stirring. The solution was
filtered, and H,SO4 (60 ml; 2 M) was added to the residue dropwise to adjust the reaction medium towards
neutral pH and monitor with pH meter while stirred continuously until the biosilica was precipitated. The
suspension was centrifuged (model 80 —2) at 3000 rpm for 15 min. The precipitated native biosilica (NS) was
washed with distilled water four times and dried in a thermostat oven (model:DHG — 9101 — OSA) at 80 °C for
6 hours.

0 Q) —
7o ash (dl‘y baSIS) - original weiht of sample
NaOHgg) + SiO2 — NasSiOs(aq) + H20q)

Na;Si03(q) + H2SO4aq) — SiO2s) + 2NazSO4qt H20q)
Scheme 1.; Equation for the extraction of biosilica from rice husk.

weight after ashing — tare weight of crucible

x 100 . [eq.1]

2.4Characterization of biosilica

2.4.1 FT-IR Spectroscopy analysis

Fourier transformed infrared (FTIR) spectra of and biosilica nanoparticles are recorded by a Bruker
spectrophotometer using the KBr pellet procedure for the sample. Prior to the measurement, the KBr tablets
were dried at 102 °C for 3 h to get rid of moisture.

2.4.2Scanning electron microscopy(sem)
The surface morphology of biosilica nanoparticles was investigated by scanning electron microscope (TESCAN
Vega 3LHM) operating at voltage of 200 kV.

2.5Antifungal activity in the biosilica

Antifungal efficacy of biosilica was evaluated against five different fungal species (Aspergillus
flavus,Aspergillus parasiticus,Aspergillus scicrbtiicarbonari,Rhizopus oryzae.and Fusarium oxysporum) at
varying concentrations (0.2 to 0.8 g/mL), measured by the diameter of zones of inhibition (mm).

II1. RESULTS AND DISCUSSION
3.1 Extraction of biosilica
The pretreatment removes dirty and other impurities such as fat and oil from milling machine that
adhered to the rice husk surface for sustainable production of pure biosilica from rice husk [11]. The
mercerization of the ash by sodium hydroxide soften the ash particles to transport the biosilica nano-particles
component into the extracting solvent in form of sodium silicate. As the PH wasadjusted from basic to neutral
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with addition of H>SOs, the precipitate of sodium silicate started to form and also the addition of H»SO4
removes the traces of metal impurities in rice husk ash. The sodium silicate was washed with distilled water so
that the biosilica particles are dispersed uniformly and removes impurities and strengthen the gel. The gel was
repeatedly washed and centrifuged to remove residual impurities and then heated at 80°C in the oven to form
amorphous biosilica which was white in color that suggested complete removal of carbonaceous compound
present in the rice husk ash.

Figure 1: biosilica obtained after extraction process.

3,2 Fourier transform infra-red ray spectroscopy

FT-IR analysis was employed to identify surface functional groups on extracted silica. Results are
shown in Figure 2. An absorption band between 3200-3500 cm™! represents O-H groups of Si-OH and absorbed
water molecules [11]. The absorption band at 1519-1665 cm™! was associated with absorbed water molecules
[14]. Strong absorption bands at 1039-1062 cm™! and 790 cm™' corresponded to asymmetric stretching
vibrations of siloxane (Si-O-Si) groups and Si-O, respectively. Peaks at 447-565 cm™! were linked to Si-O-Si
structure bending vibrations [4,11]. The absorption band at around 1397-1454 cm™! Si-O stretching vibration.
The absorption peak at 952 cm™! in MS spectrum was ascribed to Si—C bond stretching vibration resulting from
modification. The absorption peak at 1327 cm™! was associated with C-O stretching [14].
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Figure 2: Fourier transform infrared spectroscopy (FT-IR) spectra of the extracted biosilica,

3.3 Scanning electron microscopy

SEM analysis is a vital tool in investigation of samples surface morphology. The SEM images recorded for the
sample are shown in Figure 3 showed that extracted silica has irregular shape, rigid and rough rocky surface.
The surface rigidity of extracted silica might be attributed to Si—O-Si framework which agreed with literature
report [16].
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Figure 3: Scanning electron microscopy (SEM) of extracted biosilica

3.4 Antifungal activity
Table 1: Antifungal Activity in Biosilica

Test Organisms 0.2 g/mL 0.4 g/mL 0.6 g/M1 0.8 g/Ml
Aspergillus flavus 21.00 9.00 8.00 9.00
Aspergillus parasiticus - - - -
Aspergillus scicrbtiicarbonari 8.00 8.00 9.00 10.00
Rhizopus oryzae 10.00 - - -
Fusarium oxysporum 8.00 10.00 11.00 12.00

Fungal infections pose significant threats to human health and agriculture, necessitating the
development of novel antifungal agents. Biosilica, a naturally derived form of silicon dioxide often sourced
from organisms like diatoms, has garnered interest due to its unique properties and potential antimicrobial
activity. Table 1 presents data evaluating the antifungal efficacy of biosilica against five different fungal species
at varying concentrations (0.2 to 0.8 g/mL), measured by the diameter of zones of inhibition (mm). The findings
demonstrate that biosilica exhibits selective antifungal activity depending on fungal species and concentration.
Aspergillus flavus showed the highest susceptibility at the lowest concentration (0.2 g/mL) with a 21.00 mm
zone of inhibition, followed by reduced activity at higher concentrations. This inverse trend may suggest that
biosilica's effectiveness against A. flavus is concentration-sensitive or due to possible aggregation at higher
concentrations limiting bioavailability, as reported in similar studies [18]. In contrast, Aspergillus parasiticus
showed complete resistance across all concentrations, indicating possible innate resistance or inadequate
penetration by biosilica, aligning with findings by Sharma et al. (2020), who observed species-specific
resistance mechanisms to silica-based antimicrobials. Aspergillus scicrbtiicarbonari responded modestly, with
inhibition zones ranging from 8.0 to 10.0 mm. The gradual increase in inhibition with concentration suggests a
dose-dependent antifungal effect. Rhizopus oryzae showed inhibition only at 0.2 g/mL (10 mm), indicating
either a narrow window of susceptibility or instability of biosilica efficacy over higher concentrations. Lastly,
Fusarium oxysporum demonstrated increasing sensitivity with higher concentrations, from 8.0 mm at 0.2 g/mL
to 12.00 mm at 0.8 g/mL, reflecting a clear concentration-dependent response. This is consistent with reports by
Duraipandiyan et al. (2011), which highlight the sensitivity of Fusarium species to silica-based biocontrol
agents. Overall, the antifungal effect of biosilica varies across fungi and concentrations, suggesting its potential
as a selective antifungal agent. Further studies are needed to elucidate mechanisms and optimize its application
[19].

I11. CONCLUSION

This work illustrates that rice husk can be successfully prepared highly pure amorohous biosilica nano-
particles and just not only agricultural waste product, but a valuable by product and composed of antifungal
property. The chemical group in biosilica are comprises of silanol and siloxane as confirmed by FTIR analysis.
The SEM analysis confirmed irregular shape, rigid and rough rocky surface. The surface rigidity of extracted
biosilica might be attributed to Si—O-Si framework.The antifungal screening of biosilica against selected fungal
pathogens reveals its selective and concentration-dependent efficacy. Fusarium oxysporum and Aspergillus
scicrbtiicarbonari demonstrated progressive sensitivity with increasing concentrations, indicating the potential
of biosilica as a dose-responsive antifungal agent. Aspergillus flavus showed high susceptibility at lower
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concentrations, though the efficacy declined at higher doses suggesting a possible saturation or aggregation
effect. Rhizopus oryzae responded only at the lowest dose, while Aspergillus parasiticus exhibited complete
resistance, underscoring the organism-specific nature of biosilica activity. Overall, biosilica demonstrates
promising antifungal potential, especially for managing fungal species like Fusarium, which are agriculturally
and clinically significant can be used in food application and various other fields were the particle size of
amorphous biosilica is required and to be generated at reduced cost and used as high-tech applications.

Conflict of interest
There is no conflict to disclose.

Acknowledgement
The authors are grateful to ABUAD Industrial Park Mill, Ado-Ekiti, Ekiti State, and the department of Science
Laboratory Technology, The Federal Polytechnic, Ado-Ekiti, Ekiti State, Nigeria.

REFERENCES

[1]. Sarkar, S., Gupta, A. K., and Bhatia, S.(2016). Utilization of Rice Husk Ash as a source of silica. International journal of Science
and Research, 5(10), 1252-1256.

[2]. Singh,D.K. Kumar, R., and Yadav, S.K (2023) Synthesis and characterization of Silica Nanoparticles from Rice Husk Ash for
Environmental Applications. International Journal of Environmental Science and Technology, 20(2), 1831-1841.

3] Khan, Y. Yousuf, A, and Khan, M.1.(2020). Nanoparticles and Applications in Different Fields., Journal of Nanomaterials, 2020, 1-
15.

[4]. shah, A. M., singh, A. K., and Kumar, A. (2021). Structural and functional characterization of Silica Nanoparticles from agricultural
waste. Journal of Material Science and Technology, 66, 172-181.

[5] Shah, S. A., shaheen, S. S., and Khan, M. A. (2020). A Review on the extraxtion of Silica from Agricultural waste: A case study of
rice husk. Waste management and research, 38(10), 1167-1182.

[6]. Teixeira, A. R., Varela, J.S., and Alves, M. (2017). Silica Extraction from Rice Husk Ash using Alkaline Solutions: An Eco-Friendly
Approach, Materials Chemistry and Physics, 188, 88-96.

[7]. Bhanaja, S., Das, S.K., and Behera, B. (2018). (2018). Green Synthesis and Characterization of palm-based resin for UV coating. J.
Appl. Polym.Sci. 2009, 111, 2353-2361.

[8]. Mehta A, Ugwekar RP. Extraction ofSilica and other related products from Rice Husk. International Journal of Engineering
Research and Applications. 2015; 5(8):43-48.
[9]. Amutha K, Ravibaskar R, Sivakumar G. (2010) “Extraction, synthesis and characterization of nanosilica from rice husk ash”

International Journal of Nanotechnology and applications: pg. 61-63.

[10].  Yuvakkumar R, Hong SI. (2015). Nd 2 O 3 “novel synthesis and characterization” Journal of Sol-Gel Science and Technology: pg.
279-280.

[11].  S.O. Olusanya, S.M. Ajayi, E.G. Olumayede, H.O. Olatunde, S.F. Abimbade, D. P. Fapojuwo, Isopropyl myristate oil-based
pickering emulsions stabilized by N-[3- (trimethoxysilyl)propyl]ethylenediamine-modified biosilica nanoparticles from rice husk,
Biomass.. Convers. Biorefinery (2023), https://doi.org/10.1007/s13399- 023-04606-x.

[12].  R. Bonanza, D. Mugisidi, Rice husk ash as a substitute for silica gel, TEKNOSAINS J. Sains Teknol. Dan. Inform. 11 (2024) 149—
153, https://doi.org/10.37373/tekno. v11i1.943.

[13].  N. Setyawan, Hoerudin, A. Wulanawati, Simple extraction of silica nanoparticles from rice husk using technical grade solvent:
effect of volume and concentration, 2nd Int. Conf. Agric. Postharvest Handl. Process. IOP Conf. Ser. Earth Environ. Sci. 309 (2019)
012032, https://doi.org/10.1088/1755-1315/309/1/012032.

[14].  E.N. lornumbe, O. Sarwuan, R.A. Wuana, Extraction and characterization of biosilica from raphia africana fruit shells and borassus
aethiopum leaves. Am, J. Appl. Chem. 9 (2021) 138-144, https://doi.org/10.11648/j.ajac.20210905.13. [15] S.A.L

[15]. Mohamad Sopi, M.H.A. Hassan, A review on the extraction of silica nanoparticles from poaceae family via Sol-Gel, Malay. J. Sci.
Health Technol. 10 (1) (2024), https://doi.org/10.33102/mjosht.v10i1.398.

[16]. B. Tessema, G. Gonfa, S.M. Hailegiorgis, S.V. Prabhu, An overview of current and prognostic trends on synthesis, characterization,
and applications of biobased silica, Eng. Article ID 4865273, Adv. Mater. Sci. 23 (2023), https://doi.org/ 10.1155/2023/4865273.

[17].  Duraipandiyan, V., Ignacimuthu, S., and Gnanamani, A. (2011). ,Antifungal activity of silver nanoparticles synthesized using
Streptomyces sp. against Candida albicans and Cryptococcus neoformans. Asian Pacific Journal of Tropical Biomedicine, 1(3),
204-208.DOLI: 10.1016/S2221-1691(11)60028-1

[18].  Fowsiya, J., and Madhumitha, G. (2017). Antibacterial and antifungal activity of biosilica from marine sponge Callyspongia diffusa.
Journal of Drug Delivery and Therapeutics, 7(6), 1-5.DOI: 10.22270/jddt.v7i6.1491

[19].  Rajendran, R., Balakumar, C., Arockiasamy, D. L., and Jayakumar, S. (2016). Antimicrobial activity of biosynthesized silica
nanoparticles against bacterial and fungal pathogens. Journal of Advanced Scientific Research, 7(1), 1-5.DOL:
10.7439/ijasr.v7i1.3795

[20].  Sharma, S. K., Sharma, A. R., Pamidimarri, S. D. V. N., Gaur, J., Singh, B. P., Sekar, S., Kim,D. Y., and Lee, S. S. (2019). Bacterial
Compeatibility/Toxicity of Biogenic Silica (b-SiO2) Nanoparticles Synthesized from Biomass Rice Husk Ash. Nanomaterials, 9(10),
1440.DOI: 10.3390/nan09101440

46


https://doi.org/10.1088/1755-1315/309/1/012032
https://doi.org/10.33102/mjosht.v10i1.398

