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Abstract: Nutritional awareness has been longtime challenge in Nigeria even among literate populace. Many Nigerians 

preferred food that has characteristic taste to nutritional value. A comparative study to estimate the amount of silica in bambara 

nut (BN) and groundnut (GN) was carried out in order to create awareness on the preferred grain to be consumed, due to 

nutritional health benefits of silica. The pulverized sample of each cotyledon was carbonized at 350°C for 30 minutes using 

muffle furnace to obtain bambara nut ash (BNA) and ground nut ash (GNA), respectively. To produce silica, 10 g ash of each 

sample was digested separately with NaOH solution to form sodium trioxosiicate. The solution was treated with HCl solution 

to yield silica at pH adjusted to 7.0. The yield of 2.29% and 9.66%, for BN and GN, respectively, was obtained. 

Characterization using FT-IR technique has indicated the presence of silanol (Si-OH) and siloxane (Si-O-Si) functional groups 

in the spectra of the two samples. In addition, Scanning Electron Microscope (SEM) analysis respectively revealed the 

morphological structure of SiO2 extracted from BNA and GNA to be amorphous. Thus, the form in which cells of the body can 

assimilate. 
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1. Introduction 

Elements like nitrogen, phosphorus and potassium are 

essential nutrients without which plants can not complete 

their life cycle. While element like silicon (Si) is non-

essential, but is of beneficial to plants and provide certain 

health benefits to higher animals [1, 2]. Si is the second most 

abundant element present in the earth's crust after oxygen. 

Silicon dioxide or silica (SiO2); the chemically combined 

form of the element is the most important Si-containing 

inorganic substance [3]. It occurs   in crystalline, poorly 

crystalline and amorphous phases. Amorphous silicon 

dioxide or silica is an important natural source that release 

ortho-silicic acid as abioavailable form of silicon. 

Amorphous silica is acid anhydride of monomeric ortho-

silicic acid (H4SiO4) that is water soluble and highly stable in 

diluted aqueous solution. Other hydrated forms of ortho-

silicic acid include meta-silicic acid (H2SiO3 or lower 

oligomers such as di-silicic H2Si2O5) and tri-silicic acids 

(H2Si3O7), all these can exist in aqueous solutions [3, 4]. 

Silicic acid [Si(OH)4], is an uncharged  monomeric 

molecule at pH of solution below 9, and it is the form in 

which Si is taken up by the plant roots from the soil solution. 

The ability of plants to absorb and accumulate Si differs 

considerably, ranging from 0.1% to 10.0% (dry weight). 

However, this depends much on the plant species and Si 

concentration within the vicinity [5]. Researchers have 

reported the absorption of Si by monocotyledonous and 

dicotyledonous species. According to the report, monocot in 

their tissues, accumulate Si in the order of 5% or more on a 

dry weight basis and are described as Si accumulators.  The 

dicots on the other hand contain about 0.1% Si on a dry 

weight basis, and are portrait as intermediate accumulators 

[6]. The difference in the Si uptake and accumulation of the 
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two cotyledons is that; in the monocots, Si uptake is an active 

process whereas for dicotyledonous plants, Si is absorbed 

passively [7]. The absorption of Si by plants from soil in the 

form of silicic acid is accumulate as silica, where it gets 

deposited on epidermal cells or as phytoliths in lumen cells.  

Silicon in the food is ingested as silica when feed by man and 

other animals [2]. 

The ortho-silicic acid or amorphous silica is a major form 

of bioavailable source of silicon that plays numerous key 

roles in plants, animals and human’s health. It has been 

reported that the presence of silica in plants help to alleviate 

many abiotic and biotic stresses, leading to protective effect 

such as physical barrier to penetration and reduction in 

enzymatic degradation by fungal and other pathogens [8]. It 

has also been reported that single mineral, typically calcium 

is not the only mineral involved in bone health formation. It 

worked synergistically with other minerals such as silica in 

bone maintenance. Silica is most important to elderly people 

because it help to prevent the decalcification of bones and 

improve bones   tensile strength [9]. People having silica 

deficiency are prompt to be affected by diseases like 

Alzheimer which is caused by accumulation of aluminium in 

brain tissues [10]. 

Silica is an important optimal for collagen synthesis that 

activate the hydroxylation enzymes that improve skin 

strength and elasticity. It was suggested that hair strands with 

higher silica content have lower falling rate and higher 

brightness. Silica also improves quality of nails, and increase 

protection against nail infections. Deficiency of it can lead to 

soft and brittleness of nails because silicon is one of the 

predominant elements in nail composition [11]. All the above 

mentioned problems were in connection with people that are 

advanced in age. Other health benefits include protection of 

the heart by reducing atherosclerosis risk, or lowering the 

cholesterol level in order to harden the arteries. The 

University of Memphis (2018) reported that the mineral 

(silica) can support the immune response and also help to 

control body inflammation, thereby keeping the heart in good 

working conditions [12]. Also another studies carried out on 

some animals have proved that silicon ingested in form of 

silica helps to prevent the occurrence of streptozotocin-

induced diabetes [13]. 

Though despite the extra-ordinary medicinal and 

nutritional values one can derive from Vigna subterranean 

and Arachis hypogea, there are some ill-health linked with 

consumption of the two cotyledons. BN and GN are both 

contaminated by Aspergillus species (A.flavus, A. parasiticus, 

and A.nomius) due to poor agricultural practices (preharvest 

and postharvest conditions). These fungi produced aflatoxins 

that are known to cause cancer in humans. This significant 

risk is associated to eating the seeds raw. Besides, GN is also 

known to contain anti nutrients factors such as phytic acid, 

tryps in inhibitor, tannin, saponin, which inhibit absorption of 

some nutrients in diet [13-15]. However, we have seen the 

nutritional, biological and therapeutic effects of silica; it’s 

depletion level in our body system via kidney and skin 

flushing needs to be replenished by eating the right meal that 

contain relative amount of silica. Though many literatures 

had reported food sources that contain silica [3, 13, 16-18], 

but published literatures on comparing the amount of silica in 

edible food is rare. Hence the purpose of this paper has been 

aimed at comparative analysis of dietary silica in Vigna 

subterranean and Arachis hypogea, respectively. 

2. Materials and Methods 

2.1. Materials 

Sodium hydroxide purchased from Merck, hydrochloric 

acid from QualiKems, and distilled water was used as 

received. 

2.2. Methods 

BN and GN samples were washed to remove impurities. 

These were dried for four days and pounded separately using 

mortar and pestle. The pulverized samples were carbonized 

at 350°C for 30 minutes using a muffle furnace to obtain 

BNA and GNA, respectively. 10 g, each of the carbonized 

samples was weighed into a 250 mL separate conical flask. 

40 mL 0.1 M NaOH solution was added and heated at 60°C 

for 1h with constant stirring. The solution was allowed to 

cool to ambient temperature and filtered using Whatman 

filter paper No 42. The filtrate was treated with 0.1 M HCl 

with stirring until the pH of the solution was adjusted to 7.0. 

The silica formed was aged for 24h; filtered, washed and 

dried at 40°C for 4h. It was stored in an airtight plastic bag 

prior to analysis 

The reaction involving conversion of silicon dioxide to 

sodium trioxiosilicate (IV) is shown in equation (1), whereas 

production of silica is shown in equation (2). 

SiO2 (s) + 2NaOH (aq) ⟶ Na2SiO3 (aq) +H2O            (1) 

Treatment of sodium trioxosilicate with HCl forms silica 

Na2SiO3 (aq) + HCl (aq) ⟶ SiO2 (s) + NaCl (aq) + H2O   (2) 

    

                                                             (a)                                         (b)                                      (c)                                     (d) 
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                                                           (e)                                          (f)                                          (g)                                      (h) 

Figure 1. Plates (a) BN seeds (b) GN seeds (c) Pounded BN seeds (d) Pounded  GN seeds (e) Crystal formation from BNA (f) Crystal formation from GNA (g) 

Filtered crystal formation from BN sample (h)Filtered crystal formation from GN sample. 

2.3. Determination of Physicochemical Property of Silica 

Determination of Percentage Yield 

The percentage yield of the silica extracted was calculated 

using the formula 

% Yield 	  

��
�� ����� ���

������ ���
� 100  

2.4. Characterization 

2.4.1. FT-IR Measurement 

IR spectrum was recorded as Nujol mulls using KBr 

pellets on FT-IR spectrophotometer Shimadzu (FT-IR8400S). 

One milligram (1 mg) of each sample was weighed into a 

small agate mortar and a drop of nujol was added and ground. 

The mull obtained was suspended on the cell of the 

spectrophotometer and scanned between 4000-400 cm
-1

 at 32 

runs per minute. 

2.4.2. SEM Measurement 

The morphology of the prepared silica powder was 

investigated by SEM (Quanta 400, FEI, USA). The sample 

was coated with a very thin film of gold (Au) using a sputter 

coater (SPI, 12150AX, USA) and prior to SEM analysis. 

3. Results and Discussions 

3.1. Percentage Yield of Silica Extracted 

The percentage yields of silica extracted from BNA and 

GNA digested with 0.1 M NaOH solution were found to be 

2.29% and 9.66%, respectively (Table 1). The results indicate 

that silica is present in both the mono-and dicotyledon grains. 

From the study it was observed that GN has higher yield 

compare to BN. Though the literature [6] established that 

monocot (Si accumulator) grains have higher silica content 

than dicot. However, the higher yield observed could be 

attributed to the oil present in GN [19].  In this study, the yield 

of the monocot is � 5.0%; this could be probably due to 

incomplete conversion of Si to SiO2 during carbonization. 

Besides, literatures [20, 21] have shown that concentration and 

volume of alkaline solvent as well as extraction temperature 

and time factors can affect the yield of silica. It means, the 

more the solvent, the higher the surface area for the 

distribution of solvent to ash. Hence, there would be increased 

in the formation of Na2SiO3 as well as the yield of silica. 

Table 1. Percentage yield of the extracted silica. 

Sample Percentage Yield 

BN 2.29 

GN 9.66 

3.2. Infrared Spectral Analysis 

The FT-IR spectra of silica extracted from BN and GN 

carbonized at 350°C were shown in Figure 2a and 2b, 

respectively. A peak at 1654.9 cm
-1

 and abroad band that 

appeared at 3298.7 cm
-1

, (Figure 2a) was ascribed to bending 

and stretching vibrations of the O-H bond from the silanol 

groups (Si-OH), respectively. This implies that a water 

molecule is trapped on the silica surface [22]. Similar 

vibration bands (1654.9cm
-1

 and 3208.1 cm
-1

) were observed 

on spectrum of GN, (Figure 2b). 

 

(a) 
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(b) 

Figure 2. a. FT-IR spectrum for silica (BN); b. FT-IR spectrum for silica (GN). 

The peaks at 1017.6 cm
-1

 and 1028.7 cm
-1

 from Figure 2a 

and 2b, respectively, were ascribed to Si-O asymmetric 

stretching vibration [23]. Peaks at 1148.0 cm
-1

, (Figure 2a) 

and 1230.0 cm
-1

, (Figure 2b) were assigned to stretching 

mode of Si-O-Si (siloxane), which clearly showed silica 

formation. The absorption frequency bands observed at 

2922.2 cm
-1

 and 2855.1 cm
−1

 from both figures were ascribed 

to bending mode of −CH2 and −CH3, respectively. 

Appearance of these bands in the spectra signifies the 

presence of an organic compound in the two samples [24, 25]. 

3.3. SEM Measurement 

 

(a) 

 

(b) 

Figure 3. a. Micrograph of BN at 750 × magnification.b. Micrograph of GN at 750× magnification. 
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Images of silica obtained from Vigna subterranean and 

Arachis hypogea as well as total analysis were depicted in 

Figure 3a and Figure 3b, respectively. The images have 

shown that the prepared silica derived from both samples 

carbonized at 350°C were of average size particle and 

irregular in shape, that is, amorphous [23]. SEM analysis also 

showed that silicon content in BN (2.13 weight concentration) 

is more than in GN (1.09 weight concentration); see Figure 

3a and Figure 3b. This information is in supportive of the 

literature which established that, monocotyledon grains are Si 

accumulator whereas dicotyledons are Si intermediate. 

4. Conclusion 

The yield of silica (BN: 2.29%, GN: 9.66%) obtained from 

10 g ash of each grain using 0.1 M NaOH analytical reagent 

revealed that BN and GN contain silica. The FT-IR data had 

shown that the prepared silica contain silanol and siloxane 

groups. In addition, SEM analysis depicted amorphous state 

of the extracted silica and has shown that, Si in BN is higher 

compared to GN. We therefore, recommended consumption 

of more BN to promote healthy bone formation, improve skin 

strength and elasticity, lower falling rate of hair, lowers 

cholesterol level thereby reducing the risk of heart disease 

such as atherosclerosis. 

Acknowledgments 

The authors acknowledged the National Research Institute 

of Chemical Technology, Zaria, Nigeria, for running the 

FTIR and SEM analyses. We thank technical staff headed by 

Dr.G.H. Atoo at the Department of Chemistry Benue State 

University, Makurdi-Nigeria, for their assistance during the 

study. 

Conflicts of Interest 

Regarding the publication of this paper, the authors declare 

no conflicts of interest. 

 

References 

[1] Uchida R. (2000). Essential Nutrients for Plant Growth: 
Nutrient Functions and Deficiency Symptoms. Plant Nutrient 
Management in Hawaii’s Soils, Approaches for Tropical and 
Subtropical Agriculture. J. A. Silva and R. Uchida, eds. 
College of Tropical Agriculture and Human Resources, 
University of Hawaii at Manoa. 

[2] Vasanthi N., Lilly M. S. and Anthoni S. R. (2012). Silicon in 
Day Today Life. World Applied Sciences Journal, 17(11): 
1425-1440. 

[3] Jurkić L. M., Ivica C., Sandra K. P. and Krešimir P. (2013). 
Biological and therapeutic effects, of ortho-silicic acid and 
some ortho-silicic acid-releasing compounds: New 
perspectives for therapy. Nutrition and Metabolism, 10:2. 

[4] Michael S., Danuta K., Yakov K. and Jörn B. (2006). Silicon 

pools and fluxes in soils and Landscapes—a review. Journal 
of Plant Nutrition and Soil Sciences, 169, 310–329. 

[5] Jian F. Ma and Naoki Y. (2006). Silicon uptake and 
accumulation in higher plants. Trends in Plant Science, 11(8). 

[6] Mvondo-She M. A. and Diana M. (2019). The Investigation of 
Silicon Localization and Accumulation in Citrus. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6681401/ 
Retrieved on 28/5/2021. 

[7] Yongchao L., Jin Si and Volker R. (2005). Silicon uptake and 
transport is anactive process in Cucumis sativus. New 
Phytologist, 167: 797–804. 

[8] Heather A. C. and Carole C. P. (2007). Silica in Plants: 
Biological, Biochemical and Chemical Studies. Annals of 
Botany, 100(7), 1383–1389. 
https://doi.org/10.1093/aob/mcm247 

[9] Charles T. P., Kenneth J. K. and Joshua R. L. (2013). Silicon: 
A Review of Its Potential Role in the Prevention and 
Treatment of Postmenopausal Osteoporosis. International 
Journal of Endocrinology. Volume 2013, Article ID 316783, 
1-6. http://dx.doi.org/10.1155/2013/316783 

[10] Ambreen M., Andrew K., Claire T. and Christopher E. (2017). 
Aluminium in brain tissue in Familial Alzheimer’s disease. 
Journal of Trace Elements in Medicine and Biology, 40, 30-36. 

[11] Lidiane A. de A., Flavia A. and Patrícia M. B. G. M. C. 
(2016). Use of silicon for skin and hair care: an approach of 
chemical forms available and efficacy. Anais Bras Dermatol, 
91(3): 331–335. doi:10.1590/abd1806-4841.20163986. 

[12] Matin K. R. (2018). Dietary Silicon is biofortification 
essential. Journal of Nutrition and Food Science Forecast; 
1(2): 1006. 

[13] Anna B. C. (2011). Silicon in Medicine and Therapy. Journal of 
Elementology, 16(3): 489-497. DOI: 10.5601/jelem.2011.16.3.13. 

[14] Tan XL, Azam-Ali S., Goh E., Mustafa M., Chai HH., Ho 
WK., Mayes S., Mabhaudhi T. and Massawe F. (2020). 
Bambara Groundnut: An Underutilized Leguminous Crop for 
Global Food Security and Nutrition. Frontiers in Nutrition, 7: 
601496. doi: 10.3389/fnut.2020.601496. 

[15] Makinde F. M. and Dauda D. S. (2020). Nutritive Value and 
Inherent Anti-Nutritive Factors in Processed Peanut (Arachis 
hypogaea). Sustainable Food Production, 8: 17-28. 

[16] Namiki M. and Jian F. M. (2005). Uptake system of silicon in 
different plant species. Journal of Experimental Botany, 
56(414): 1255–1261. doi: 10.1093/jxb/eri121. 

[17] Nudrat A. A., Fahad S. and Muhammad A. (2018). Peanut 
(Arachis hypogaea L.): A Prospective Legume Crop to Offer 
Multiple Health Benefits under Changing Climate. 
Comprehensive Reviews in Food Science and Food Safety, 
17(5): 1325-1338. https://doi.org/10.1111/1541-4337.12383 

[18] Guntamukkala B. R. and Pusarla S. (2017). Silicon uptake, 
transportation and accumulation in Rice. Journal of 
Pharmacognosy and Phytochemistry, 6(6): 290-293. 

[19] Yaduru S., Manish K. et al (2017). Molecular mapping of Oil 
Content and Fatty Acids Using Dense Genetic Maps in 
Groundnut (Arachis hypogaea L) front. Plant Science, 
https://doi.org/10.3389/Fp/s.2017.00794 



 Chemical and Biomolecular Engineering 2024; 9(1): 8-13 13 

 

[20] Addis L. J. (2018). Extraction of Silica Gel from Rice Husk 
Ash for Promising Sustainable Industrialization: Statistical 
Analysis. Journal of Materials Science and Engineering with 
Advanced Technology, 18(1-2):21-42. 

[21] Setyawan, N., Hoerudin and Wulanawati, A. (2019). Simple 
Extraction of Silica Nanoparticles from Rice Husk Using 
Technical Grade Solvent: Effect of Volume and Concentration. 
IOPConference. Series: Earth and Environmental Science, 
309:1-8. doi:10.1088/1755-1315/309/1/012032. 

[22] Panca S. U., Ram Y. and Chayanoot S. (2019). Production and 
Characterization of Precipitated Silica from Palm Oil Mill Fly 
Ash Using CO2 Impregnation and Mechanical Fragmentation. 
Brazilian Journal of Chemical Engineering, 36(01): 523–530. 

[23] Chanadee T. and Chaiyarat S. (2016). Preparation and 
Characterization of Low Cost Silica Powder from Sweet Corn 
Cobs (Zea mays saccharata L.). Journal of Material and 
Environmental Sciences, 7(7):2369-2374. 

[24] Van H. L., Chi N. H. T. and Huy H. T. (2013). Synthesis of 
silica nanoparticles from Vietnamese rice husk by sol–gel 
method, Nanoscale Research Letters a Springer Open Journal, 
8(58):1-10. 

[25] Ananthi A., Geetha D. and Ramesh P. S. (2016). Preparation 
and Characterization of Silica Material from Rice Husk Ash–
An Economically Viable Method. Chemistry and Materials 
Research, 8(6):1-7. 

 


