


Short Research Article
NUTRITIONAL CHANGES IN CASSAVA SEEDS (Manihot esculenta) INDUCED BY FERMENTATION
ABSTRACT
[bookmark: _GoBack]This study investigated the effect of fermentation on the nutritional, mineral, and phytochemical composition of cassava (Manihot esculenta) seeds to assess their potential use in fermented food condiments such as ogiri. Proximate analysis revealed significant compositional changes after fermentation. Moisture content increased from 2.40% to 15.44%, while fat, fibre, ash, and carbohydrate contents decreased, indicating microbial utilization and enzymatic breakdown of structural and energy-rich components. Protein increases from 30.46% to 35.98%. Fermentation leads to enzymatic hydrolysis of protein-bound complexes, making proteins more soluble and extractable. This might improve detection and quantification during analysis, reflecting as an increase in protein content. Mineral analysis showed reductions in sodium, calcium, and potassium levels due to leaching out of the nutrients during production and fermentation, whereas iron content increased significantly, likely due to enhanced extractability and phytate degradation. Phytochemical profiling demonstrated a reduction in tannins, flavonoids, and phytates, improving the nutritional quality and mineral bioavailability of the fermented product. There was slight increase in total phenolic activity, while antioxidant activity (DPPH scavenging ability) decreased markedly to suggest degradation or transformation of key antioxidant compounds. Cyanide was not detected in either the raw or fermented samples, confirming the safety of the processed product. Overall, fermentation improved the nutritional safety and digestibility of cassava seeds, highlighting their potential for value-added applications in food systems, contributing to waste reduction and food security.
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INTRODUCTION
Fermentation is a biochemical process in which microorganisms such as bacteria, yeasts, or molds convert organic compounds primarily carbohydrates into simpler substances like acids, gases, or alcohol under anaerobic or low-oxygen conditions Adebo et al.,(2022). This natural transformation can significantly improve the nutritional value of raw materials, reduce anti-nutritional factors, enhance the flavour, and aid in food preservation. In food systems, fermentation has become an essential tool for developing novel products and improving the quality of existing ones, especially in underutilized crops and seeds.
Cassava (Manihot esculentaCrantz) is a tropical root crop belonging to the family Euphorbiaceae, widely cultivated across tropical and subtropical regions between latitudes 30°N and 30°S. Known for its starchy edible root, cassava thrives in a range of soil types, especially sandy soils, and is remarkably tolerant of nutrient-deficient conditions where many other crops fail (Immanuel et al., 2024; Alves et al., 2020).
Despite its recognized role in global food security and its industrial significance, the focus of cassava utilization has long centered on its roots, with limited attention given to its seeds. Studies such as Adu-Amankwa (2006) projected that around 2 million tonnes of cassava will be harvested within the next decade, yielding vast amounts of starch and peels. However, the seeds although biologically important remain underutilized or discarded, primarily due to concerns over their toxicity and a lack of awareness about their potential applications.
This underutilization not only contributes to agricultural waste but also represents a missed opportunity to tap into a resource that could enhance food and economic security. Exploring the feasibility of using cassava seeds especially in fermented products like ogiri presents a promising avenue in growing interest in sustainable food production and resource recovery. Fermentation of cassava seeds may help detoxify them, improve their nutritional profile, and create a viable, protein-rich condiment with unique sensory characteristics.
Fermented products like ogiri is a traditional fermented food condiment widely consumed in parts of Africa, especially among populations that believe in the nutritional and medicinal enhancement of meals through such additions Timothy et al., (2024). Incorporating cassava seeds into fermented food production could not only diversify food options but also offer a sustainable solution for reducing waste and increasing the economic value of cassava farming. This could stimulate market demand, generate income for local farmers and processors, and contribute to rural development and food innovation.
This research therefore seeks to evaluate the effect of fermentation on the nutritional composition of cassava seeds, with the aim of unlocking their potential as a novel food ingredient and promoting sustainable utilization of an often-overlooked resource.
MATERIALS AND METHODS
Sources of Materials 
The matured brownish green fruit capsules bearing four to six encapsulated seeds were collected (hand picked) from Adegbola farm in Ibadan, Oyo state. The fruits were dried for seven days and the seed removed from the capsule. The hard seed were cooked for 3 hours and dehulled.
Sample Preparation
Five hundred grams (500 g) of the dehulled seed samples were cleaned and weighed into pressure pot, four liters of water was added to the seed in the pot and left to boil at 100oC for 8 hours on an electric heater to make the seeds soft.The water was discarded from the cooked seeds and the seeds were pounded using mortar and pestle,wrapped in banana leaves and kept in a warm place to ferment for 7 days. The flow chart below showed the process involved in fermentation (Chukwuet al., 2018).

Chemical analysis
The proximate composition of the seed and fermented mash including (moisture, total ash, crude fat, crude protein, and crude fibre) were carried out using the method of AOAC (2005).
The mineral elements were determined using ASS (Atomic adsorption spectroscopy) method as described by Hina et al., (2023). The cyanide concentration in the ogiri sample was determined using a ninhydrin-based spectrophotometric method at a wavelength of 485 nm (Ubwa et al., 2015).The total flavonoid content was determined using a colorimetric method described by Hassan et al. (2013), the tannin content was determined according to the method described by Gworgwor, (2023) and Phytate Content by  (Ramadan and Wahdan, 2012).
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Figure 1 : Flow chart for production of ogiri condiment from seeds (Chukwuet al., 2018)
RESULT AND DISCUSSION 
Table 1: Proximate composition of cassava seeds and fermented mash both on dry bases
	Sample (%)
	Moisture
	Ash
	Fat
	Fibre
	Protein
	Carbohydrate

	Cassava seed
	2.40 ± 0.03b
	3.56± 0.05b
	46.10 ± 0.02b
	4.50 ± 0.04b
	30.46 ± 0.03b
	18.98± 0.01a

	Fermented mash
	15.44 ± 0.00a
	2.10 ± 0.01c
	35.32 ± 0.00a
	2.85 ± 0.00a
	35.98 ± 0.01a
	8.31 ± 0.01c


Mean with different superscript within a row are significantly different (p<0.5)
The proximate analysis of cassava seed and its fermented mash in table 1 reveals distinct changes, which can be attributed to microbial metabolism, enzymatic action, and processing conditions.
The moisture content increased substantially from 2.40% in the raw cassava seed to 15.44% in the fermented mash which may be as a result of processing technique. According to Adewumi & Odunfa, in 2010, microbial activity during fermentation thrives in a moist environment, leading to further water retention in the mash. Moisture is essential for enzyme functionality and microbial growth.
A decrease in ash content from 3.56% to 2.10% was observed after fermentation. This may be due to the leaching of water-soluble minerals during soaking and washing stages or their utilization by fermenting microorganisms. Minerals can be lost in the fermentation liquid, especially during decanting.
Fat content declined markedly from 46.10% to 35.32%. This reduction is commonly attributed to lipolytic activity of microorganisms that produce lipase enzymes, which hydrolyze fats into fatty acids and glycerol. These breakdown products may be used by microbes as carbon sources or may evaporate or leach out during the processing, the same was reported by Ifesan et al in 2019
Fibre content reduced from 4.50% to 2.85%. This is due to the microbial degradation of structural polysaccharides such as cellulose and hemicellulose. Microorganisms, particularly lactic acid bacteria and fungi, produce cellulases and other enzymes that break down plant cell walls to access fermentable sugars. The resulting softer texture is typical of fermented plant-based products.
Protein content increases from 30.46% to 35.98%. according to report given by Adebo et al in (2022), this marginal change suggests that proteolytic bacteria such as Bacillus and Lactobacillus species involved in fermentation can synthesize protein as part of their biomass, increasing the total protein content of the fermented product. Also, Adebo et al., 2022 repoted that fermentation can degrade anti-nutrients such as tannins and phytates that otherwise bind to proteins and inhibit their bioavailability. This degradation enhances the measurable protein content.
 A significant decline in carbohydrate content was noted, dropping from 18.98% to 8.31%. Carbohydrates are the primary energy source for fermenting microorganisms, especially lactic acid bacteria and yeasts. These microbes ferment sugars into organic acids, alcohol, and other by-products, depleting the carbohydrate reserves of the substrate.

Table 2  Effect of Fermentation on the Mineral Composition of Cassava Seeds
	Components
	Cassava seed
	Fermented mash 

	Sodium
	9.640±0.10b
	7.26±0.35a

	Calcium
	21.620±0.20b
	19.46±0.07a

	Potassium
	60.280±0.10b
	41.24±0.21a

	Iron
	0.036±0.05b
	0. 341±0.00a

	Zinc
	0.123±0.06c
	0.124±0.00c

	Lead
	0.00I±0.00b
	ND

	Cupper
	0.040±0.04c
	ND

	Arsenic
	0.003±0.05b
	ND

	Mercury
	ND
	ND









Mean with different superscript within a row are significantly different (p<0.5)
ND  	Not detected
The sodium content decreased from 9.64 mg/100g to 7.26 mg/100g after fermentation. This reduction might be due to the leaching of soluble sodium salts into the fermentation medium during soaking and decanting steps. Sodium, being highly soluble, is prone to loss in aqueous environments.
The calcium levels declined slightly from 21.62 mg/100g to 19.46 mg/100g. Similar to sodium, this decrease might be due to leaching out of minerals during fermentation. In some cases, fermentation can increase calcium bioavailability by breaking down phytates; however, the overall calcium content may still drop due to mineral solubility and microbial uptake.
The potassium content showed a notable reduction from 60.28 mg/100g to 41.24 mg/100g. This significant drop could be attributed to potassium's high solubility and its loss through leaching during the washing and fermenting processes. Potassium is among the most susceptible minerals to loss in aqueous processing.
Interestingly, iron content increased from 0.036 mg/100g to 0.341 mg/100g. This unexpected rise could be due to increased extractability or bioavailability of iron as a result of phytate degradation during fermentation. Phytic acid, an anti-nutrient that binds iron, was broken down during fermentation, making iron more detectable or available. This is related to findings by Nsabimana et al.,(2024). Additionally, microbial synthesis or environmental contamination (e.g., from utensils or water) could contribute to this increase.
The zinc content remained relatively stable (0.123 mg/100g to 0.124 mg/100g), showing negligible change. This suggests that fermentation neither significantly enhanced nor reduced zinc availability in this sample. It's possible that the breakdown of phytates (which also bind zinc) had little effect here, or that leaching and release were in balance.

Table 3 Effect of Fermentation on the Phytochemical Composition and Antioxidant Properties of Cassava Seeds
	Sample
	Total Phenolic (mgGAE/100 g)
	Tannin(mg/100g)
	Flavonoid (mg/100g)
	Phytate (mg/g)
	DPPH (%)
	Cyanide

	Cassava seed
	75.35 ± 0.40b
	13.85± 0.09b
	20.85 ± 0.03b
	9.16 ± 0.06b
	38.78± 0.47b
	     ND

	Cassava Ogiri
	78.98 ± 0.05c
	3.287 ± 0.01a
	4.877 ± 0.02c
	7.751 ± 0.04c
	6.24± 0.28a
	     ND


Mean with different superscript within a row are significantly different (p<0.5) 
ND  	Not detected	
Fermentation leads to notable changes in phytochemical content and antioxidant properties. These changes have implications for both nutritional value and functional properties, such as detoxification, flavour development, and health benefits.
There was a slight increase in total phenolic content after fermentation. This could be attributed to enzymatic hydrolysis of bound phenolic compounds by microbial enzymes (e.gesterases, phenol oxidases), which release more free phenolics into the matrix (Microbial synthesis of phenolic-like compounds during fermentation).
Increased phenolic content is often associated with enhanced bioactivity, especially antioxidant potential, though other factor degradation or polymerization) can modulate the overall antioxidant effect.
There was a substantial reduction in tannins, polyphenolic compounds known for their anti-nutritional effects (e.g. inhibition of iron absorption and protein digestibility). Tannin reduction may result from Tannin-binding or degradation by microbial enzymes such as tannase and leaching out during fermentation. This reduction enhances the nutritional quality and palatability of the product.
A notable decrease in flavonoid content was observed, this is because flavonoids are sensitive to. Degradation and during prolonged fermentation, heat, light, and enzymatic oxidation were converted into other phenolic forms or degradated into simpler molecules
Though flavonoids are potent antioxidants, their loss do not necessarily mean reduced overall antioxidant potential, as other antioxidant compounds like phenolics may increase.
The phyate acts as an anti-nutrient by binding essential minerals like iron, zinc, and calcium. Its reduction during fermentation is primarily due to phytase enzyme activity from microbes, which hydrolyzes phytate into lower inositol phosphates or free phosphates.This improves mineral bioavailability and overall nutritional value.
The DPPH radical scavenging activity, which measures the antioxidant capacity, drastically decreased after fermentation. Despite the increase in total phenolics, this decline suggests loss of specific antioxidant-active compounds such as flavonoids and certain tannins. Transformation of active compounds into less effective or non-antioxidant forms possibly degrade thermos-labile antioxidants during microbial metabolism. Although fermentation may enhance nutritional safety and digestibility, it may reduce certain antioxidant properties as well. 
No cyanide was detected in either the raw or fermented sample, which is significant, given cassava’s known cyanogenic potential. This indicates that the cassava variety used may be low or non-cyanogenic, or processing steps (such as soaking, drying, and fermentation) effectively eliminated any residual cyanide, ensuring product safety.
CONCLUSION
The fermentation of cassava (Manihot esculenta) seeds significantly altered their nutritional, mineral, and phytochemical composition, revealing their potential as a valuable ingredient for fermented food condiments like ogiri. The process led to a desirable reduction in anti-nutritional factors such as tannins, phytates, and flavonoids, while enhancing mineral bioavailability and ensuring safety through the elimination of detectable cyanide. The fermentation increased  protein content and slightly reduced antioxidant activity, it substantially improved digestibility and nutrient accessibility. The increase in total phenolics and iron content further supports the nutritional enhancement associated with fermentation. These findings affirm that fermentation is a promising method for upgrading the nutritional value and functional properties of underutilized cassava seeds
RECOMMENDATION
 Further research should be conducted to optimize the fermentation conditions (e.g., duration, microbial strains) in order to retain or enhance antioxidant properties from the promising results.
Cassava seed utilization should be promoted in both domestic and industrial food systems to reduce agricultural waste and enhance food security.Public awareness should be raised on the potential of cassava seeds as a sustainable food resource, particularly in regions where cassava is widely cultivated and investment be encouraged in the development of fermented cassava seed-based products to expand market opportunities and strengthen local agricultural value chains.

REFERENCES
Adebo, J. A., Njobeh, P. B., Gbashi, S., Oyedeji, A. B., Ogundele, O. M., Oyeyinka, S. A., & Adebo, O. A. (2022). Fermentation of cereals and legumes: Impact on nutritional constituents and nutrient bioavailability. Fermentation, 8(2), 63. https://doi.org/10.3390/fermentation8020063
Alves, A. A. C., Setter, T. L., & Farias, A. R. (2020). Cassava physiology: Integrating crop responses to environmental stresses. Frontiers in Plant Science, 11, 1–15.
Association of Official Analytical Chemists (AOAC). (2005). Official methods of analysis (18th ed.). AOAC International.Scribd+2SciePub+2SciePub+2
Chukwu, O., Orhevba, B. A., &Omodara, M. A. (2018). Production and evaluation of ogiri from cassava seeds. Nigerian Journal of Food Science and Technology, 6(2), 45–50.
Gworgwor, N. A. (2023). Determination of tannin content in plant samples. Journal of Agricultural Research and Development, 15(1), 25–30.
Hassan, L. G., Bagudo, B. U., & Umar, K. J. (2013). Determination of total flavonoid content in selected plant extracts. Journal of Medicinal Plants Research, 7(14), 873–877.
 Hina, B., Rizwani, G.-H., Naseeb, U., Huma, A., & Hyder, Z. (2023). Application of atomic absorption spectroscopy to determine mineral and heavy metal distribution in medicinal plants. Journal of Analytical Techniques and Research, 5, 26–32.
Ifesan, B. O. T., Adetogo, T. T., and Ifesan, B. T. (2019).Production and Quality Assessment of Local Condiment ‘Ogiri’fromWatermel-on Seed (Citrullus lanatus) and Melon (Citrullus vulgaris). Adv Food Process Technol 2: 022. DOI, 10, 2639-3387.
Immanuel, G., Dhanusha, R., &Prema, P. (2024). Fermentation and its role in improving the nutritional quality of cassava. International Journal of Food Science and Nutrition, 9(1), 10–17. 
Nsabimana, S., Ismail, T., & Lazarte, C. E. (2024).
Enhancing iron and zinc bioavailability in maize through phytate reduction: The impact of fermentation alone and in combination with soaking and germination. Journal of Cereal Science, 114, 105564. https://doi.org/10.1016/j.jcs.2024.105564
Ramadan, M. F., &Wahdan, K. M. M. (2012). Phytate content and mineral bioavailability of some Egyptian foods. Food Chemistry, 134(3), 1696–1700.
Ubwa, S. T., Abah, J., &Asemave, K. (2015). Determination of cyanide content in cassava and cassava products using ninhydrin-based spectrophotometric method. International Journal of Scientific and Research Publications, 5(10), 1–4.
Zhang A., Ma Y., Deng Y., Zhou Z., Cao Y., Yang B., Bai J., Sun Q. (2023) “Enhancing Protease and Amylase Activities in Bacillus licheniformis XS‑4 for Traditional Soy Sauce Fermentation Using ARTP Mutagenesis.” Foods, 12(12):2381.












