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Abstract
Background: Cassava (Manihot esculenta Crantz) is a major staple crop widely consumed across tropical regions, particularly in sub‑Saharan Africa. Despite its importance in food security, cassava roots contain cyanogenic glycosides that can release toxic hydrogen cyanide if not adequately processed. Fermentation is a traditional processing method that significantly reduces cyanide levels while improving the nutritional and sensory properties of cassava products. This study investigated the effect of fermentation duration on the proximate composition and cyanide content of cassava flakes (garri) produced in Khana Local Government Area of Rivers State, Nigeria. Methods: Fresh cassava roots were processed into mash and fermented for 1, 3, 5, and 7 days before roasting into flakes. Proximate composition was determined using standard AOAC (Association of Official Analytical Chemists) analytical methods, while cyanide content was quantified using the alkaline titration method. All analyses were conducted in triplicate and statistical differences were evaluated using one‑way analysis of variance (ANOVA) at p < 0.05. Results: Moisture content increased from 12.99% to 14.25% with increasing fermentation time, while ash content increased from 0.30% to 0.55%. Conversely, crude fat and crude fiber decreased during fermentation. Cyanide concentration decreased significantly from 2.95 mg on day 1 to 0.80 mg on day 7, demonstrating progressive detoxification during fermentation. Conclusion: The results indicate that fermentation duration significantly influences both the nutritional composition and detoxification of cassava flakes. Extended fermentation therefore enhances the safety and nutritional quality of cassava‑based foods intended for human consumption.
Keywords: Cassava flakes, fermentation, cyanide detoxification, proximate composition, food safety


1. INTRODUCTION
Cassava (Manihot esculenta Crantz) is one of the most important staple crops in tropical and subtropical regions, serving as a primary source of dietary carbohydrates for more than 800 million people worldwide (Adeniji, 2017). The crop is widely cultivated in many African countries, including Nigeria, due to its adaptability to diverse environmental conditions, tolerance to poor soils, and relatively high yield compared with many other staple crops (Chisenga, 2021; David et al., 2022). Cassava roots are commonly processed into several food products such as garri, fufu, cassava flour, and tapioca, which play an essential role in food security and rural livelihoods.
Despite its nutritional importance, cassava roots contain naturally occurring cyanogenic glycosides, primarily linamarin and lotaustralin, which can release toxic hydrogen cyanide when the plant tissues are disrupted during processing (Clifton & Keogh, 2016). Consumption of inadequately processed cassava products may therefore pose serious health risks, including acute cyanide poisoning and chronic neurological disorders. Consequently, appropriate processing techniques are essential to detoxify cassava and ensure the safety of cassava-based foods (Ismaila et al., 2018).
Fermentation is one of the most widely used traditional processing methods employed in the preparation of cassava products such as garri. During fermentation, naturally occurring microorganisms metabolize carbohydrates and other substrates, producing organic acids and enzymes that modify the physicochemical properties of the cassava mash. These microbial and enzymatic activities not only enhance the sensory qualities of cassava products but also contribute significantly to the reduction of toxic cyanogenic compounds (Edeoga et al., 2018; El-Samahy et al., 2020).
Previous studies have reported that fermentation can improve the nutritional quality of cassava products through changes in proximate composition, mineral availability, and digestibility. Microbial metabolism during fermentation may lead to degradation of complex macromolecules, resulting in alterations in moisture, ash, fat, fiber, and protein contents of fermented cassava products (Adejuyitan et al., 2018; Chisenga et al., 2021). In addition, prolonged fermentation has been shown to significantly reduce cyanide content, thereby improving the safety of cassava-derived foods intended for human consumption (Mohammed et al., 2016; Amajor, 2022; Osman et al., 2025).
Cassava flakes (commonly known as garri) represent one of the most widely consumed cassava products in West Africa (Morris et al., 2022). However, variations in fermentation duration during processing may influence both the nutritional composition and cyanide content of the final product. Understanding how fermentation time affects these parameters is therefore essential for optimizing processing conditions and ensuring the production of safe and nutritionally improved cassava flakes.
The objective of this study was to evaluate the effect of fermentation time on the proximate composition and cyanide content of cassava flakes produced from cassava (Manihot esculenta). The findings of this study are expected to contribute to improved cassava processing practices and enhanced food safety in cassava-consuming populations.
2. MATERIALS AND METHODS
2.1 Sample collection
Fresh cassava roots were harvested from a local farm in Baen Community, Khana Local Government Area, Rivers State, Nigeria. Botanical identification of the plant material was confirmed at the Department of Plant Science and Biotechnology, Rivers State University.
2.2 Processing of Cassava into Flakes
Cassava roots were peeled, washed thoroughly with potable water, and grated using a mechanical grater to obtain cassava mash. The mash was divided into four portions corresponding to fermentation periods of 1, 3, 5, and 7 days. Each portion was packed in clean jute bags and subjected to natural fermentation while pressed under heavy weights to remove excess liquid.
At the end of each fermentation period, the fermented mash was disintegrated manually, sieved, and roasted in a shallow cast‑iron pan with continuous stirring to produce cassava flakes (garri). The roasted flakes were cooled at room temperature and stored in airtight containers prior to analysis.
2.3 Proximate analysis
Moisture, ash, crude protein, crude fat, crude fiber, and carbohydrate contents were determined according to standard methods described by the Association of Official Analytical Chemists (AOAC). Protein content was determined using the Kjeldahl method. Crude fat was determined using Soxhlet extraction, while moisture and ash contents were determined using oven‑drying and muffle furnace methods respectively. Carbohydrate content was calculated by difference using the formula:


2.4 Determination of Cyanide Content
Cyanide content was determined using the alkaline titration method as described by Omotayo et al., (2015). Approximately 15 g of sample was soaked in distilled water and allowed to undergo enzymatic hydrolysis to release hydrogen cyanide. The liberated cyanide was distilled and collected in sodium hydroxide solution before titration with standardized silver nitrate solution using potassium iodide indicator. Cyanide concentration was calculated based on the volume of titrant used where 1 mL of 0.02 N AgNO3 corresponds to 1.08 mg HCN.
2.5 Statistical Analysis
All analyses were performed in triplicate and results were expressed as mean ± standard deviation. Statistical analysis was performed using one‑way analysis of variance (ANOVA). Significant differences between means were determined using Tukey's post‑hoc test at a significance level of p < 0.05.

3. RESULTS
3.1 Effect of Fermentation Time on Proximate Composition
The proximate composition of cassava flakes at different fermentation durations is presented in Table 1. Moisture content increased gradually from 12.99% on day 1 to 14.25% on day 7. Ash content also increased slightly during fermentation. Conversely, crude fat decreased from 4.19% to 2.79% while crude fiber decreased from 4.59% to 1.60%. Carbohydrate content increased slightly at later fermentation stages. ANOVA analysis indicated that fermentation time had a statistically significant effect on moisture, fat, fiber, and cyanide contents (p < 0.05).
Table 1: Proximate composition (%) of cassava flakes according to days of fermentation
	Parameters
	A (Day 1)
	B (Day 3)
	C (Day 5)
	D (Day 7)

	Moisture
	12.99±0.01bd
	13.84±0.06bc
	14.07±0.00ad
	14.25±0.07bd

	Ash
	0.30±0.00bc
	0.50±0.00ac
	0.60±0.13ac
	0.55±0.07ac

	Crude fat
	4.19±0.28ad
	5.20±0.28bc
	3.89±0.14ad
	2.79±0.00bd

	Crude fiber
	4.59±0.57bc
	3.40±0.84bc
	1.30±0.14ad
	1.60±0.00ad

	Crude protein
	2.63±0.00bc
	3.49±0.00bc
	0.87±0.00ad
	0.88±0.00ad

	Carbohydrate
	75.30±0.84bc
	73.59±1.05bc
	79.28±0.13ad
	79.93±0.00ad


The values are expressed as the means ± standard deviations (n=3); values with similar superscript letters in the same row are significantly different (p<0.05).
3.2 Effect of Fermentation Time on Cyanide Content
Cyanide content decreased significantly with increasing fermentation time. The concentration declined from 2.95 mg on day 1 to 0.80 mg on day 7, representing approximately 73% reduction during the fermentation period as shown in Table 2.
Table 2: Cyanide content (mg) of cassava flakes (garri)
	Sample
	Content (mg)

	A (Day 1)
	2.95 ± 0.01a

	B (Day 3)
	2.53 ± 0.01b

	C (Day 5)
	1.74 ± 0.01c

	D (Day 7)
	0.80 ± 0.01d


The values are expressed as the mean standard deviations (n=3); values with similar superscript letters in the same row are significantly different (p<0.05).

4. DISCUSSION 
The present study investigated the influence of fermentation time on the proximate composition and cyanide content of cassava flakes produced from Manihot esculenta. Fermentation is widely recognized as one of the most effective traditional processing techniques used to improve the nutritional quality and safety of cassava products. During fermentation, microbial enzymatic activities lead to biochemical transformations that alter the physicochemical properties of cassava and contribute to the degradation of toxic cyanogenic compounds present in the raw roots. Previous studies have demonstrated that fermentation can significantly reduce hydrogen cyanide levels while simultaneously improving nutrient availability and digestibility in cassava-based foods (Adejuyitan et al., 2018; Chisenga et al., 2021). In addition, broader evidence on fermented foods indicates that microbial activity enhances gut health, nutrient bioavailability, and overall food functionality, further supporting the importance of fermentation in food systems (Dimidi et al., 2019). Recent investigations also highlight that fermentation improves sensory quality and generates desirable volatile compounds that enhance product acceptability (Aryee et al., 2024; Chelangat et al., 2025).
The observed increase in moisture content during fermentation may be attributed to microbial metabolic activities, which lead to the breakdown of complex macromolecules and increased water retention within the food matrix. Microorganisms utilize carbohydrates and other nutrients as substrates, producing metabolic water and organic acids that influence the physicochemical properties of the fermented mash. Similar increases in moisture content have been reported in fermented cassava and related starchy substrates (Edeoga et al., 2018; El-Samahy et al., 2020). Furthermore, studies on cassava processing have shown that structural modifications during fermentation enhance water-binding capacity, thereby contributing to increased moisture levels in the final product (Susan, 2021).
The gradual increase in ash content observed in this study suggests a relative concentration of mineral components as organic matter is metabolized during fermentation. Microbial degradation of carbohydrates and other organic compounds may result in a proportional increase in the mineral fraction of the food matrix. Similar findings have been reported in fermented plant-based foods, where fermentation improves mineral availability and concentration (Adejuyitan et al., 2018). Additionally, fermentation has been shown to enhance the bioavailability of micronutrients through the breakdown of antinutritional factors, thereby improving the nutritional quality of cassava products (Onimano & Akubor, 2012).
The decrease in crude fat content observed with increasing fermentation time may be explained by lipolytic activities of fermenting microorganisms. Microbial enzymes are capable of hydrolyzing lipid molecules into fatty acids and glycerol which can subsequently be utilized as energy sources during fermentation. Comparable reductions in fat content during fermentation of cassava and other plant materials have been documented (Chisenga et al., 2021). Moreover, processing methods such as fermentation and heat treatment have been reported to influence lipid stability and composition in starchy foods (Tabara et al., 2016).
A progressive reduction in crude fiber content was also observed during fermentation. This decrease may result from the degradation of structural polysaccharides such as cellulose and hemicellulose by microbial enzymes produced during fermentation. Such enzymatic breakdown improves digestibility and modifies the textural properties of the fermented product (Meyer, 2004). Similar observations have been reported in studies evaluating cassava peel and other by-products, where fermentation significantly reduced fiber content while improving nutrient accessibility (Lee et al., 2013).
The most significant finding of this study is the marked reduction in cyanide content as fermentation time increased. Cyanogenic glycosides present in cassava are hydrolyzed by endogenous enzymes such as linamarase when the cassava tissues are disrupted during processing. Fermentation further accelerates this process by promoting microbial enzymatic activity, which facilitates the breakdown of cyanogenic compounds and the subsequent volatilization or leaching of hydrogen cyanide from the cassava mash (Edeoga et al., 2018; Dimidi et al., 2019). In addition, recent studies on cassava by-products have emphasized that fermentation and related processing techniques can significantly reduce cyanide levels while improving product safety and quality (Mukhtar et al., 2023).
The approximately 73% reduction in cyanide content observed in this study highlights the effectiveness of fermentation as a detoxification strategy in cassava processing. Similar reductions in cyanide concentration during prolonged fermentation of cassava products have been widely reported, confirming fermentation as one of the most efficient traditional detoxification techniques (Ismaila et al., 2018; Amajor, 2022). These findings are consistent with reports that cassava processing methods such as fermentation, drying, and roasting collectively contribute to substantial cyanide reduction, thereby ensuring safe consumption (Adeniji, 2017).
Given the widespread consumption of cassava flakes (garri) in West Africa, optimizing fermentation duration is essential for ensuring product safety and minimizing the risks associated with cyanide toxicity. Ensuring adequate fermentation time during garri production may therefore play a critical role in improving food safety, enhancing nutritional quality, and protecting public health in cassava-consuming populations.

5. CONCLUSION
This study demonstrated that fermentation duration significantly affects both the nutritional composition and cyanide content of cassava flakes. Increasing fermentation time resulted in substantial reduction in cyanide concentration and notable changes in proximate composition. The findings highlight the importance of adequate fermentation during cassava processing to ensure safe consumption. Optimizing fermentation practices may therefore contribute to improved food safety and public health in cassava‑consuming regions.
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