Influence of fermentation time on quality of garri from bio fortified (TMS 01/1371) Cassava variety
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Abstract

This study investigated the influence of fermentation time on the quality characteristics of gari produced from the vitamin A bio-fortified cassava variety TMS 01/1371. Cassava roots were processed into garri using traditional methods, with fermentation times of 0, 24, 48, 72, and 96 hours. Samples were analyzed for functional, nutritional, anti-nutritional, mineral, vitamin, and sensory properties. Results showed that prolonged fermentation significantly reduced pH and increased titratable acidity up to 48 hours, followed by a decline. Proximate composition analysis revealed an increase in protein and moisture content with fermentation time, while fat and carbohydrate contents decreased. Anti- nutritional factors (phytates, oxalates, tannins, and cyanide) decreased significantly with extended fermentation, improving the nutritional safety of the product. However, essential vitamins (A and C) and minerals (Ca, Fe, K, Mg, Na) declined with increasing fermentation and storage duration. Sensory evaluation showed no significant differences across samples, with all variants remaining generally acceptable. Extended storage (up to four months) further reduced carotenoid and vitamin C levels but enhanced cyanide detoxification. Overall, fermentation for 24–48 hours offered an optimal balance between nutrient retention and detoxification, making it suitable for improving the nutritional quality and safety of garri from bio-fortified cassava
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1. INTRODUCTION
Cassava (Manihot esculenta crantz) stands as one of the most critical food security crops in sub-Saharan Africa, serving as a primary carbohydrate source for over 800 million people worldwide (1). Among the various cassava-based products, garri represents a particularly important fermented food product, characterized as a creamy, granular flour obtained from roasting fermented cassava mash (2). The production of garri involves several unit operations, including fermentation, which plays a crucial role in determining the final product's quality, nutritional value, and safety characteristics.
The traditional method of garri production requires cassava slurry to be fermented for approximately 72 hours, during which cyanogenic glycosides such as linamarin and lotaustralin are hydrolyzed by linamarase enzyme to yield hydrocyanic acid, which subsequently volatilizes due to its low boiling point (3). This fermentation process not only serves as a critical detoxification mechanism but also contributes to the development of the characteristic sour taste and improved digestibility of the final product. However, the duration of fermentation significantly influences multiple quality parameters, including nutritional composition, anti-nutrient levels, and overall product stability.
Recent advances in plant breeding have led to the development of biofortified cassava varieties with enhanced nutritional profiles, particularly those enriched with provitamin A carotenoids to address vitamin A deficiency prevalent in regions where cassava serves as a staple food (4). Plant breeding efforts in sub-Saharan Africa have produced biofortified cassava varieties with high carotenoid content specifically designed to combat vitamin A deficiencies, which affect millions of people in developing countries (5). The TMS 01/1371 variety represents one such biofortified cultivar that has shown promising potential for addressing micronutrient malnutrition while maintaining the agronomic advantages of traditional cassava varieties.
However, significant concerns have emerged regarding the retention of nutritional components during traditional processing methods. Research indicates that carotenoids in foods are easily depleted during processing, with particular concerns about the low retention of carotenoids during gari processing compared to other preparation methods such as boiling (6). The fermentation process, while essential for detoxification and flavor development, may compromise the stability of heat-sensitive vitamins and bioactive compounds that make biofortified varieties nutritionally superior.
The optimization of fermentation time presents a complex challenge in balancing multiple quality objectives. Extended fermentation periods are necessary for adequate cyanide reduction and anti-nutrient degradation, but may simultaneously lead to excessive losses of valuable nutrients, particularly vitamins A and C (2). Furthermore, fermentation duration influences the physical properties, moisture content, and storage stability of the final product, all of which are critical factors for commercial viability and food safety. Understanding the kinetics of quality changes during fermentation is essential for optimizing processing conditions that maximize nutritional benefits while ensuring food safety. The relationship between fermentation time and various quality parameters including pH changes, vitamin retention, anti-nutrient reduction, and cyanide detoxification requires systematic investigation to establish evidence-based processing recommendations for biofortified cassava varieties.
Therefore, this study aims to investigate the influence of fermentation time on the quality characteristics of gari produced from the biofortified cassava variety TMS 01/1371. The research seeks to determine the optimal fermentation duration that achieves adequate detoxification and anti-nutrient reduction while maximizing the retention of nutritional components, particularly vitamins A and C. The findings will contribute to the development of improved processing protocols for biofortified cassava that enhance food and nutritional security in cassava-dependent communities.
2. MATERIALS AND METHODS
2.1 Sources of Raw Materials
Cassava variety (TMS 01/ 1371) root was purchased from Benue State Agricultural development program (BSADP ) Makurdi, while bags used for storing gari were bought from Wurukum market in Makurdi
2.2 Garri Processing
Gari was processed by the traditional methods described by Olaoye et al. (7) with slight modifications as in Figure 1.







Fresh cassava
↓
Peeling (with sharp knife)
↓
Washing
↓
Draining
↓
Grating (using commercial leister engine)
↓
Dewatering
↓
Fermentation (24, 48, 72, and 96 h)
↓
Sieving (use of local sieve)
↓
Garification
↓
Gari

Figure 1: Flow chart for the production of garri
                            Source: Olaoye et al. (7) 

2.3 : Analyses
2.3.1 Determination of the functional properties, pH and TTA
Loose and bulk density: Loose density was determined by gently filling a 10 g sample of gari into a measuring cylinder and recording the volume. For bulk density, the cylinder was tapped for 5 minutes before noting the final volume. Densities were calculated as shown in equation 1.

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (𝑙𝑜𝑜𝑠𝑒 𝑜𝑟 𝑏𝑢𝑙𝑘) = 𝑚𝑎𝑠𝑠
𝑣𝑜𝑙𝑢𝑚𝑒

(1)


Swelling Index: Ten (10) grams of gari were placed in a 100 mL measuring cylinder, and the initial volume was recorded. Sixty milliliters of cold water were added, and the mixture was allowed to stand at room temperature for 4 hours. The swelling index was computed as the ratio of final to initial volume.
pH and TTA determination: The pH and TTA of the samples were carried out according to AOAC (8). Ten grams of sample was mixed thoroughly with 100 mL distilled water and allowed to settle for 20 min. The clear water about was decanted and the pH read using a “Philip’s” electrode PH meter with temperature combination. Before taking sample readings, the pH meter was standardised with a known standard buffer solution (pH 4.0) at ambient temperature (32±2 °C).
For TTA, 10 g of each of the samples was soaked in 100 mL of distilled water for 20 min, and 10ml of the decanted soak-water taken, one mL of phenolphthalein indicator was added to this and titrate with 0.1N NaOH solution. The acidity was calculated as % lactic acid as in equation 2.
[bookmark: 𝑳𝒂𝒄𝒕𝒊𝒄_𝒂𝒄𝒊𝒅(𝒈⁄𝟏𝟎𝟎𝒈)=(𝒎𝑳]𝑳𝒂𝒄𝒕𝒊𝒄 𝒂𝒄𝒊𝒅(𝒈 ⁄ 𝟏𝟎𝟎𝒈) = (𝒎𝑳 𝑵𝒂𝑶𝑯)/(𝒎𝑳 𝒐𝒇 𝒔𝒂𝒎𝒑𝒍𝒆) × 𝟎. 𝟗	(2)

2.3.2 : Determination of the proximate parameters
The proximate parameters namely; moisture, ash, crude protein crude fat, and crude fibre) were determined by standard methods of the Association of Official Analytical Chemists (8). Carbohydrate was calculated by difference as follows;
% Carbohydrate = 100 − [Protein(%) + Fat(%) + Ash(%) + Fibre(%) + moisture (%)]	(3)
2.3.3 [bookmark: 2.3.3:_Determination_of_the_antinutritio]: Determination of the antinutritional factors
[bookmark: Determination_of_Tannin_contents]Determination of Tannin contents
The tannin content was determined using the Burn method (9). Five (5) g of sample was treated with 50 mL methanol and kept for 24 hours before filtration. Five (5 mL) of freshly prepared vanalin hydrochloric acid was added and the solution was allowed to stand for 20 min for color development. The absorbance was measured at 550 nm using spectronic 20 and the machine value was used in calculating the tannin content as follows:




% Tannic acid content =	C1 X 100
Weight of sample

𝐶1

= 𝐶1𝐶2
𝑉1




(4)

Where;
C1= Conc. of tannic acid, C2=Conc. of base, V1=Volume of tannic acid, V2= Volume of base
[bookmark: Determination_of_phytates_content]Determination of phytates content
The method of Young and Greaves with slight modification was used (10). Exactly 2 g of samples was soaked with 100 mL of 20% concentrated HCl for 3 h in a 250 mL conical flask. Thereafter the samples were filtered with a filter paper, 50 mL of the filtrate placed in a 250 beaker and 100 mL of distilled water added. Then 10 mL of 0.3 % ammonium thiocyanate solution was added as an indicator and titration was carried out with standard Iron (III) Chloride (0.00915 g/mL). After titrations, the phytate content was calculated as follows;

Phytates Acid = 𝑡𝑖𝑡𝑟𝑒 𝑣𝑎𝑙𝑢𝑒×0.00195 ×1.19×100
𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑎𝑠𝑠 (𝑔)

(5)


[bookmark: Determination_of_cyanide]Determination of cyanide
Alkaline picrate reagent was prepared by a modification of the method described by Wasiams and Edwards (11) as follows: Test tubes with 2mL of 2% KOH and 1mL of picric acid: Na2CO3: H2O (1:5:200 v/w/v) was prepared (12). Standard absorbance curves were made with 3 Whatman No. 1 papers each with a dimension of 8×1cm. The papers were dipped into the alkaline picrate solution for 15 minutes. The picrate-impregnated papers were removed from the solution and used immediately for cyanide determination. Cyanide solutions containing (50-200 μgKCN/mL) were each be prepared in glass
bottles. The cyanide was acidified with 20% HCl solution heated to 80 oC and immediately sealed with 3
picrate-impregnated papers. The system was incubated at room temperature (28 ± 2 oC) for 24 h. The red- coloured complex formed was eluted with 50% ethanol solution for 30 minutes. The eluate absorbance was measured at 510nm using a spectrophotometer. Cyanide levels of the samples were extrapolated from the standard curve.

[bookmark: Determination_of_oxalate_content]Determination of oxalate content
This was determined by the standard method of AOAC (8). One gram (1 g) of the sample was placed in a 250 mL volumetric flask, 190 mL of distilled water and 10 mL of 6 M HCL was added. The mixture was warmed in a water bath at 90 oC for 4 h and the digested sample was centrifuged at a speed of 2000 rpm for 5 min. The supernatant was diluted to 250 mL. Three (3) 50 mL aliquots of the supernatant were evaporated to 25 mL, and then the brown precipitate was filtered off and washed. The combined solution and washings were titrated with concentrated ammonia solution in drops until Salmon pink color of methyl orange changed to faint yellow. The solution was heated in a water bath to 90 oC and the oxalate was precipitated with 10 mL of 5 % calcium chloride (CaCl2) solution. The solution was allowed to stand overnight and then centrifuged. Each precipitate was washed into a beaker with hot 25 % H2SO4, diluted to 125 mL with distilled water and after warming to 90 oC it was titrated against 0.05 M KMnO4 until a faint pink color persisted for at least 30 s. The oxalate content was calculated by taking;

1mL of 0.05M KMnO4 = 2.2mg oxalate	(6)

2.3.4 [bookmark: 2.3.4:_Determination_of_Minerals]: Determination of Minerals
The minerals Ca, K, Mg, Fe, P and Na were determined. The optimum range for each element was prepared and all the operational instruction for setting up the instrument for the analysis of specific element was strictly followed. The ash residues were digested with 5 mL of concentrated nitric acid, filtered and the filtrate was transferred 100 mL volumetric flask and diluted with distilled water to 100 mL volume. This was done for all the samples, and stored at room temperature pending AAS analysis (8).
2.3.5 : Vitamin A determination
Vitamin A was determined using the AOAC (8) method with minor modifications. A 5 g portion of each sample was homogenized and saponified using ethanolic potassium hydroxide (KOH) in the presence of pyrogallol (as an antioxidant). The mixture was left to stand for 30 minutes before being transferred to a

separatory funnel. Ten milliliters of distilled water were added, and the sample was extracted thrice using 15 volumes of hexane. The combined hexane extracts were washed repeatedly with equal volumes of water and filtered through filter paper containing 5 g of anhydrous sodium sulfate (Na₂SO₄) into a volumetric flask. The filtrate and filter were rinsed with hexane, and the volume was adjusted accordingly. A standard curve was prepared using United States Pharmacopeia (USP) Vitamin A reference standards, yielding absorbance values (A620) ranging from 0.07 to 0.7, and plotted against corresponding vitamin A concentrations (ng). The hexane was evaporated from both the standard and sample solutions. One milliliter of chloroform and a measured volume of antimony trichloride (SbCl₃) reagent were added to each, and absorbance was read at 620 nm using a colourimeter.

Vitamin C (ascorbic acid) content was determined according to AOAC (8). A 5 mL aliquot of the working ascorbic acid standard solution was pipetted into a 100 mL conical flask, and 10 mL of 4% oxalic acid was added. This mixture was titrated against a standard dye solution until a persistent pink endpoint was observed (V₁ mL). For the sample, 1 g was extracted with 4% oxalic acid and diluted to a final volume of 100 mL. The extract was centrifuged, and 5 mL of the supernatant was taken and mixed with 10 mL of 4% oxalic acid. This was titrated against the dye solution (V₂ mL), with the endpoint also indicated by a stable pink color. Vitamin C content was calculated as in equation 8


𝐴𝑠𝑐𝑜𝑟𝑏𝑖𝑐 𝑎𝑐𝑖𝑑 (𝑚𝑔/100𝑔) = 0.5𝑚𝑔 × 𝑉2

×	100𝑚𝐿

× 100	(8)

𝑉1𝑚𝐿	5𝑚𝐿

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡


2.3.6 : Sensory evaluation
Ten judges were presented with four different samples of garri and asked to evaluate them for colour, mouthfeel (flavour), texture, and overall acceptability using a 9-point hedonic scale questionnaire.

3. RESULTS AND DISCUSSION
3.5 : Effect of fermentation Time on TTA, loose, Bulk density and swelling index of Garri from bio- fortified cassava (TMS01/1371) variety
The results are as seen in Table 1.

Titratable Acidity (TTA): The titratable acidity of gari from biofortified cassava variety TMS01/1371 exhibited a non-linear pattern during fermentation, initially increasing from 0.0042% at 0 hours to 0.0530% at 24 hours, reaching a peak of 0.0580% at 48 hours, then decreasing to 0.0470% at 72 hours, and finally dropping dramatically to 0.0043% at 96 hours. This bell-shaped curve pattern indicates the dynamic nature of acid production and utilization during cassava fermentation. The initial increase in TTA corresponds to the active phase of fermentation when lactic acid bacteria convert carbohydrates to organic acids, primarily lactic acid. The subsequent decrease after 48 hours suggests acid utilization by secondary microorganisms or possible volatilization of acids during prolonged fermentation. This pattern differs from typical cassava fermentation reported by Oyewole and Odunfa (13), where TTA generally increases continuously until stabilization. The unusually low final TTA value (0.0043%) at 96 hours is particularly noteworthy and may indicate a unique fermentation characteristic of the biofortified variety TMS01/1371, possibly influencing the sensory properties and shelf stability of the final product.

pH Value: The pH values of the fermenting cassava mash decreased steadily with increasing fermentation time, declining from 4.75 at 0 hours to 4.38 at 96 hours. This progressive acidification reflects the increasing production of organic acids, primarily lactic acid and acetic acid, by fermenting microorganisms utilizing carbohydrates in the cassava. Although statistical significance indicators were not provided for pH values, the consistent downward trend suggests a systematic relationship between fermentation time and acidity development. The final pH of 4.38 at 96 hours falls within the typical pH range (4.0-4.5) associated with properly fermented garri, as reported by Oyewole and Odunfa (13). This level of acidity is crucial for developing the characteristic flavor profile of gari, inhibiting the growth of pathogenic microorganisms, and contributing to the product's shelf stability. The relatively modest decrease in pH compared to traditional cassava varieties suggests that the biofortified TMS01/1371 variety may have different buffering capacity or fermentability characteristics that warrant consideration when establishing optimal processing parameters.

Loose Density: The loose density of gari samples showed a consistent decrease with increasing fermentation time, declining from 0.4348 kg/m³ at 0 hours to 0.3740 kg/m³ at 96 hours, representing a 14% reduction. This progressive decrease can be attributed to structural changes in the cassava matrix during fermentation, including the breakdown of cellular structures, starch modification, and fiber degradation by microbial enzymes. The reduction in loose density has important implications for packaging and storage, as it indicates that fermented gari occupies more volume per unit weight. These findings align with research by Sanni et al. (2), who reported that extended fermentation typically results in lower loose density values due to increased porosity and altered particle characteristics. The observed relationship between fermentation time and loose density provides valuable information for optimizing processing parameters to achieve desired physical properties in the final product.

Bulk Density: The bulk density of gari samples decreased with increasing fermentation time, from 0.5000 kg/m³ at 0 hours to 0.4085 kg/m³ at 96 hours, representing an 18.3% reduction. The pattern was not strictly linear, with a slight increase observed between 24 and 48 hours (from 0.4660 to 0.4780 kg/m³) before continuing to decrease. This reduction in bulk density can be attributed to the structural modifications occurring during fermentation, including starch degradation, protein denaturation, and changes in fiber composition, resulting in a lighter, more porous product. The temporary increase at 48 hours may reflect complex interactions between simultaneous processes of starch gelatinization, acid production, and water absorption. Research by Awoyale et al. (14) demonstrated similar reductions in bulk density during cassava fermentation, noting that this property significantly influences the reconstitution characteristics and consumer acceptance of garri. The lower bulk density in well-fermented gari is generally considered desirable as it contributes to a lighter texture and improved swelling capacity when reconstituted.

Swelling Index: The swelling index of garri samples exhibited a gradual decrease with increasing fermentation time, from 3.165 at 0 hours to 3.063 at 96 hours, representing a modest 3.2% reduction. This parameter remained relatively stable compared to other physical properties, with identical values (3.105) observed at both 48 and 72 hours of fermentation. The swelling index reflects the capacity of garri to absorb water and increase in volume during reconstitution, a critical functional property for consumer acceptance. The slight decrease in swelling index with extended fermentation can be attributed to structural modifications of starch molecules, including partial hydrolysis by amylolytic enzymes produced during fermentation, leading to reduced water-holding capacity. These findings are consistent with research by Irtwange and Achimba (15), who reported that moderate fermentation periods (24-72 hours) typically maintain optimal swelling characteristics in cassava products. The relatively small reduction in swelling index despite significant changes in other physical parameters suggests that the biofortified variety TMS01/1371 maintains good reconstitution properties even after extended fermentation, an important quality attribute for consumer acceptance.

Table 1: Effect of fermentation Time on TTA, loose, Bulk density and swelling index of Garri from bio-fortified cassava (TMS01/1371) variety

	Fermentation Time (h)
	TTA%
(lactic acid)
	pH
	Loose density
( kg/m3)
	Bulk  density
(kg/m3)
	Swelling index

	0
	0.0042
	4.75
	0.4348
	0.5000
	3.165

	24
	0.0530
	4.73
	0.4162
	0.4660
	3.148

	48
	0.0580
	4.53
	0.4130
	0.4780
	3.105

	72
	0.0470
	4.46
	0.4018
	0.4459
	3.105

	96
	0.0043
	4.38
	0.3740
	0.4085
	3.063



3.1 Effect of fermentation time on Proximate Composition of Gari from bio-fortified cassava (TMS01/1371) variety.
The effect of fermentation time on the proximate composition of the garri produced is shown in Table 2.

Moisture Content: The moisture content of gari from biofortified cassava variety TMS01/1371 increased significantly (p≤0.05) with fermentation time, ranging from 10.25% at 0 hours to 13.70% at 96 hours. The observed increase in moisture content aligns with findings by Gänzle (16), who attributed this phenomenon to metabolic water production during microbial activity and biochemical reactions during fermentation. This progressive increase in moisture became statistically significant after 24 hours, with samples fermented for 48, 72, and 96 hours showing statistically similar elevated moisture levels. The higher moisture content in longer-fermented samples may have implications for the product's shelf stability and necessitate consideration during the final drying process to achieve the standard moisture content of 10-12% recommended for commercial garri (14).

Ash Content: Ash content, an indicator of mineral composition, exhibited a modest but significant increase with prolonged fermentation, rising from 1.03% at 0 hours to 1.21% at 96 hours of fermentation. Samples fermented for 0 and 24 hours demonstrated statistically similar ash contents (1.02-1.03%), while longer fermentation periods (48-96 hours) showed significantly higher values (1.10-1.21%). This progressive increase in ash content suggests a concentration effect of minerals as fermentation proceeds, potentially due to the breakdown of complex compounds by microbial enzymes, which releases bound minerals and makes them more available. Adebo et al. (17) reported similar increases in ash content during cassava fermentation, attributing this to the relative concentration of minerals as carbohydrates are metabolized by microorganisms.

Crude Fiber: The crude fiber content remained relatively stable across most fermentation periods (3.34- 3.40%), with a significant decrease occurring only at 96 hours (3.17%). This stability, even after extended fermentation, suggests that the fibrous components in cassava are relatively resistant to microbial degradation during the initial stages of fermentation. The eventual decrease at 96 hours indicates that prolonged fermentation may lead to partial breakdown of fiber components by microbial enzymes, particularly cellulases and hemicellulases produced by fermenting organisms. Similar patterns were observed by de Souza et al. (18), who noted that fiber components in cassava remained largely intact until extended fermentation periods exceeding 72 hours, after which gradual degradation occurred due to sustained enzymatic activity.

Fat Content: The fat content of the gari samples decreased significantly with prolonged fermentation, from 2.20% at 0 hours to 1.80% at 96 hours. The early fermentation period (0-24 hours) maintained fat at approximately 2.20%, while after 48 hours, fat decreased significantly to 1.86% and stabilized around 1.80% for longer fermentations. This reduction can be attributed to lipolytic activities of microorganisms that hydrolyze lipids for energy during fermentation, as well as the utilization of fatty acids by fermenting microflora. Irtwange & Achimba (2009) reported similar findings in their study on fermentation duration on the quality of gari. The observed decline in fat content may contribute to the reduced susceptibility of fermented gari to lipid oxidation and rancidity during storage. This however contradicts studies by Dewandari (19) who observed an increase in fat content while investigating the effect of fermentation on the quality of cocoa beans.

Crude Protein: A consistent and significant increase in protein content was observed with extended fermentation time, rising from 1.20% at 0 hours to 1.80% at 96 hours, representing a 50% increase. This substantial enhancement becomes statistically significant after 24 hours of fermentation. The protein enrichment can be attributed to several factors, including microbial protein synthesis during fermentation, the concentration effect as carbohydrates are metabolized, and possibly the release of bound proteins through enzymatic degradation of cellular structures. Anyiam et al. (20) reported similar protein enhancement for Macrotermes nigeriensis-cassava mahewu; a cassava-based fermented non-alcoholic beverage. This could suggest that the increase in protein content enhances the nutritional quality of the

final product, particularly important for biofortified varieties like TMS01/1371 that are developed to address nutritional deficiencies in cassava-dependent populations.

Carbohydrate: The carbohydrate content showed a gradual decline with increased fermentation time, decreasing from 80.89% at 0 hours to 78.51% at 96 hours. Initial carbohydrate levels (0-48 hours) were statistically similar (approximately 80%), while a significant decrease was observed at 72 and 96 hours (to approximately 78.5%). This reduction results from the utilization of fermentable carbohydrates by microorganisms, primarily converting starch and sugars into organic acids, carbon dioxide, and other metabolic products. The observed pattern aligns with findings by Afoakwa et al. (21), who demonstrated that carbohydrate reduction during cassava fermentation correlates with increasing acidity and is essential for developing the characteristic flavor profile of gari. The relatively modest reduction (approximately 2.38%) suggests that the biofortified TMS01/1371 variety may experience slower carbohydrate metabolism compared to conventional varieties, potentially affecting the development of sensory properties during fermentation.

Table 2: Effect of fermentation time on Proximate Composition of Garri from bio fortified cassava (TMS01/1371) variety.

	Fermentation Time (hr)
	Moisture
	Ash
	Crude fibre
	Fat
	Crude Protein
	Carbohydrate

	0
	10.25+010c
	1.03±0.06b
	3.34±0.13a
	2.20±0.02a
	1.20±0.01b
	80.89±0.58a

	24
	11.28±0.07b
	1.02±0.25b
	3.40±0.03a
	2.17±0.03a
	1.23±0.04b
	80.87±0.29a

	48
	13.08±0.07a
	1.10±0.01a
	3.36±0.36a
	1.86±0.03b
	1.43±0.06a
	79.18±0.12a

	72
	13.36±0.13a
	1.20±0.05a
	3.25±0.56a
	1.80±0.05b
	1.60±0.02a
	78.61±0.07b

	96
	13.70±0.12a
	1.21±0.03a
	3.17±0.02b
	1.80±0.02b
	1.80±0.02a
	78.51±0.43b

	LSD
	2.09
	0.17
	0.19
	0.31
	0.41
	2.26


Values are Means± standard deviation of triplicate determinations. Mean values within a row followed by different superscripts are significantly (p≤ 0.05) different.
LSD – Least significant difference
3.4: Effect of Fermentation Time on Anti-Nutrient Composition of Garri from Bio-fortified Cassava The anti-nutrient profile demonstrated significant and progressive reductions across all measured compounds during fermentation, with important implications for nutritional bioavailability and consumer health. The results are presented in Table 3. Phytate content showed a steady decline from 0.47±0.05 mg/100g at 0 hours to 0.21±0.05 mg/100g at 96 hours, representing a substantial 55% reduction with statistically significant differences between most fermentation time points. Tannins exhibited the most dramatic reduction, decreasing from 2.24±1.06 mg/100g to 1.12±1.03 mg/100g, achieving a 50% reduction with each fermentation stage showing statistically significant differences throughout the process. Oxalate content declined from 0.34±0.03 mg/100g to 0.16±0.01 mg/100g, demonstrating a 53% reduction with significant differences observed across fermentation periods, though 24-48 hours showed similar intermediate levels. These reductions occur through multiple mechanisms including enzymatic degradation by endogenous and microbial enzymes, pH-mediated hydrolysis facilitated by the progressive acidification environment, microbial metabolism of anti-nutrient compounds, and leaching of water-soluble compounds during fermentation (3). The substantial reduction in phytate and oxalate will enhance the bioavailability of essential minerals like iron, zinc, and calcium, which is particularly crucial for biofortified varieties designed to address micronutrient deficiencies in vulnerable populations (1). Research confirms that fermentation is an efficient processing method to remove phytate, which increases the amount of soluble iron, zinc, and calcium, with studies reporting phytate reductions of 64.16% and oxalate reductions of 76.11% after 48 hours of fermentation, indicating that the TMS01/13701 variety demonstrates moderate to good anti-nutrient reduction capabilities (22). The 50% tannin

reduction observed in this study exceeds literature reports of 41.32% reduction at 48 hours, suggesting superior performance in reducing these protein-binding compounds that can interfere with protein digestibility and mineral absorption (23). The data indicates that 72-96 hours fermentation provides optimal anti-nutrient reduction while maintaining practical processing timeframes, supporting the nutritional enhancement goals of biofortification programs and improving the overall nutritional quality of gari for consumers.
Hydrogen Cyanide (HCN) Content: The HCN content decreased significantly and consistently throughout the fermentation period, from 0.078 mg/100g at 0 hours to 0.010 mg/100g at 96 hours, representing an impressive 87.2% reduction. Each fermentation period resulted in a statistically significant reduction compared to the previous period, with the most dramatic decrease occurring between 72 and 96 hours (from 0.053 to 0.010 mg/100g). This substantial reduction in cyanogenic compounds can be attributed to several mechanisms, including enzymatic hydrolysis of linamarin by endogenous linamarase, leaching of water-soluble cyanogens during dewatering, volatilization of hydrogen cyanide, and microbial degradation during fermentation. These findings are consistent with research by Bradbury and Denton (24), who demonstrated that fermentation is one of the most effective processing methods for cyanide reduction in cassava products. The final HCN level of 0.010 mg/100g after 96 hours of fermentation is well below the FAO/WHO-recommended safe limit of 10 mg/kg (0.1 mg/100g), indicating that extended fermentation significantly enhances the safety profile of garri from this biofortified cassava variety.

Table 3: Effect of Fermentation Time on Anti-Nutrient Composition of Gari from Bio-fortified Cassava
	Fermentation Time (hr)
	Phytate
	Tannins
	Oxalate
	HCN

	0
	0.47±0.05a
	2.24±1.06a
	0.34±0.03a
	0.078±0.11a

	24
	0.35±0.10b
	2.01±0.01b
	0.28±0.01b
	0.072±0.01b

	48
	0.29±0.04c
	1.53±0.33c
	0.25±0.16b
	0.064±0.01c

	72
	0.24±0.02d
	1.34±0.16d
	0.19±0.06bc
	0.053±0.01d

	96
	0.21±0.05d
	1.12±1.03e
	0.16±0.01c
	0.010±0.01e

	LSD
	0.09
	0.15
	0.14
	0.01


Values are Means± standard deviation of triplicate determinations. Mean values within a row followed by different superscripts are significantly (p≤ 0.05) different.
LSD – Least significant difference, HCN-Hydrogen cyanide
3.3: Effect of fermentation Time on Mineral Contents of Gari from bio-fortified cassava variety
The results of the mineral composition of the gari samples are presented in Table 4.

Phosphorus Content: The phosphorus content of garri from biofortified cassava variety TMS01/1371 exhibited a non-linear pattern during fermentation, starting at 135.20 mg/100g at 0 hours, decreasing significantly to 103.07 mg/100g at 48 hours, then increasing to 123.60 mg/100g at 72 hours, and recovering further to 131.24 mg/100g at 96 hours. The initial stability between 0 and 24 hours (135.20 to 132.50 mg/100g) followed by a sharp decline at 48 hours suggests a complex interaction between leaching during dewatering and mineral redistribution during fermentation. This fluctuating pattern differs from the findings of Oboh and Akindahunsi (25), who reported a more consistent decline in phosphorus during cassava fermentation. The partial recovery of phosphorus content in later fermentation stages may be attributed to the release of bound phosphorus compounds by microbial enzymatic activity, particularly phytases that hydrolyze phytic acid, potentially increasing the bioavailability of this mineral. This distinctive mineral behavior in the biofortified variety TMS01/1371 suggests unique compositional characteristics that affect nutrient retention during processing.

Calcium Content: A dramatic and significant reduction in calcium content was observed with increased fermentation time, decreasing from 465.04 mg/100g at 0 hours to 155.00 mg/100g at 96 hours, representing a 66.7% reduction. No significant difference was observed between 0 and 24 hours, but subsequent periods showed significant decreases with a non-linear pattern, particularly at 72 hours where a slight increase was observed relative to 48 hours (201.00 mg/100g vs. 178.00 mg/100g). This substantial calcium reduction is likely due to leaching during the dewatering process, as calcium forms water-soluble complexes with

organic acids produced during fermentation. Similar calcium losses in fermented cassava products were reported by Sanni et al. (2), who noted that the extent of calcium retention is influenced by the processing method and fermentation conditions. The significant calcium reduction may have nutritional implications, particularly in populations where gari constitutes a major dietary component, suggesting the potential benefit of calcium fortification or complementary calcium-rich foods.

Sodium Content: Sodium content decreased consistently and significantly throughout the fermentation period, from 2.63 mg/100g at 0 hours to 2.23 mg/100g at 96 hours, representing a 15.2% reduction. The rate of decrease was moderate between 0 and 48 hours, followed by more pronounced reductions in later stages. This consistent decline in sodium content is primarily attributed to leaching during dewatering, as sodium is highly water-soluble. Unlike some other minerals, sodium showed no recovery pattern in later fermentation stages, suggesting limited binding to structural components in cassava. These findings align with research by Etudaiye et al. (26), who demonstrated that sodium losses during cassava fermentation are generally lower than losses of divalent minerals but follow a more consistent downward trend. The relatively modest reduction in sodium content may be nutritionally beneficial, as excessive sodium intake is associated with hypertension and cardiovascular diseases in many populations.

Potassium Content: Potassium content demonstrated a significant and consistent decline throughout the fermentation period, decreasing from 171.17 mg/100g at 0 hours to 100.00 mg/100g at 96 hours, representing a substantial 41.6% reduction. No significant difference was observed between 0 and 24 hours, but subsequent fermentation periods showed significant progressive decreases. This substantial loss can be attributed to the high water solubility of potassium, resulting in significant leaching during the dewatering process. The observed pattern correlates with findings by Olaoye et al. (7), who reported significant potassium losses during traditional cassava processing methods involving dewatering steps. The considerable reduction in potassium content is nutritionally significant, as potassium is an essential mineral for maintaining electrolyte balance and proper cardiovascular function, suggesting that longer fermentation periods may compromise this nutritional aspect of the biofortified cassava variety.

Magnesium Content: Magnesium content decreased significantly with increasing fermentation time, from
207.00 mg/100g at 0 hours to 106.53 mg/100g at 96 hours, representing a 48.5% reduction. The pattern of decrease was non-linear, with no significant difference between 0 and 24 hours, followed by a sharp decline at 48 hours (126.13 mg/100g), a partial recovery at 72 hours (176.23 mg/100g), and then a further significant reduction at 96 hours. This complex pattern suggests interplay between leaching losses during dewatering and the potential release of bound magnesium from cellular structures during extended fermentation. Research by Boonnop et al. (27) demonstrated similar fluctuations in magnesium content during cassava fermentation, attributing the temporary increases to enzymatic degradation of magnesium- containing compounds like chlorophyll and magnesium pectates. The substantial overall reduction in magnesium content may have nutritional implications, particularly considering magnesium's role in numerous enzymatic reactions and neurological functions.

Iron Content: Iron content exhibited a significant overall decrease during fermentation, from 30.83 mg/100g at 0 hours to 18.85 mg/100g at 96 hours, representing a 38.9% reduction. The pattern was characterized by initial stability between 0 and 24 hours, followed by a sharp decline at 48 hours to 16.31 mg/100g, a partial recovery at 72 hours to 20.15 mg/100g, and then a slight decrease at 96 hours. This fluctuating pattern suggests complex interactions between leaching losses, mineral redistributions, and potential changes in iron speciation during fermentation. The partial recovery of iron content at 72 hours may be attributed to the release of bound iron through enzymatic degradation of iron-containing compounds or changes in iron solubility due to pH reduction. These findings are consistent with research by Adamade & Aworh (28), who reported that iron retention during cassava processing is influenced by multiple factors including pH, organic acid production, and enzymatic activities. Despite the significant reduction, the final iron content of 18.85 mg/100g remains nutritionally significant, particularly considering that iron deficiency is a prevalent micronutrient deficiency in many cassava-consuming regions.

Table 4: Effect of fermentation Time (h) on Mineral Contents of Gari from bio fortified cassava (TMS01/1371) variety.

	Fermentation time
	P
	Ca
	Na
	K
	Mg
	Fe

	0
	135.20±0.35a
	465.04±1.05a
	2.63±0.03a
	171.17±1.04a
	207.00±0.25a
	30.83±0.05a

	24
	132.50±0.41a
	459.04±0.05a
	2.57±0.03a
	168.17±1.04a
	204.20±1.00a
	30.23±1.06a

	48
	103.07±0.24d
	178.00±1.00c
	2.37±0.04b
	121.38±0.14c
	126.13±1.20c
	16.31±0.11d

	72
	123.60±0.26c
	201.00±1.00b
	2.31±0.01c
	122.17±1.04b
	176.23±0.25b
	20.15±0.05b

	96
	131.24±0.22a
	155.00±1.00d
	2.23±0.02d
	100.00±1.00d
	106.53±0.34d
	18.85±0.11c

	LSD
	0.01
	0.07
	0.15
	0.34
	0.34
	0.43


Values are Means± standard deviation of triplicate determinations. Mean values within a row followed by different superscripts are significantly (p≤ 0.05) different.
LSD – Least significant difference
3.2 : Effect of fermentation time (hr) on Vitamin Contents of Garri from bio fortified cassava (TMS01/1371) variety

The vitamin composition of the gari samples are as presented in Table 5.

Vitamin A Content: The vitamin A content of gari from biofortified cassava variety TMS01/1371 demonstrated a progressive and significant decline with increasing fermentation time, decreasing from 0.88 mg/100g at 0 hours to 0.34 mg/100g at 96 hours, representing a 61.4% reduction. No significant difference was observed between 0 and 24 hours of fermentation, but beyond this point, each subsequent fermentation period resulted in a statistically significant reduction. This substantial loss of vitamin A can be attributed to the thermal instability and oxidative degradation of carotenoids during the fermentation process, as well as possible enzymatic degradation by microbial carotenases. These findings align with research by Bechoff et al. (29), who reported significant carotenoid losses during cassava processing, particularly in fermented products. Despite the significant reduction, the retention of approximately 38.6% of vitamin A after 96 hours of fermentation is noteworthy, suggesting that biofortified variety TMS01/1371 may still contribute meaningfully to vitamin A intake even after extended fermentation periods.

Vitamin C Content: A dramatic reduction in vitamin C content was observed with increasing fermentation time, declining from 12.76 mg/100g at 0 hours to merely 3.15 mg/100g at 96 hours, representing a 75.3% loss. The degradation pattern shows that vitamin C remains relatively stable during the first 24 hours (12.70 mg/100g), experiences moderate loss by 48 hours (11.14 mg/100g), followed by accelerated degradation at 72 hours (6.35 mg/100g) and 96 hours (3.15 mg/100g). This substantial loss can be attributed to the water-soluble nature of vitamin C and its extreme sensitivity to oxidation, especially in acidic conditions that develop during fermentation. The observed pattern correlates with findings by Thumrongchote et al. (30), who reported that vitamin C degradation in fermented cassava products accelerates significantly after 48 hours, coinciding with increased acidity and oxidative conditions. The practical implication of this finding is that shorter fermentation periods (≤48 hours) are preferable for preserving the nutritional value of garri with respect to vitamin C content.

Table 5: Effect of fermentation time on Vitamin Contents of Garri from bio-fortified cassava variety

	Fermentation Time (h)
	Vitamin A
	Vitamin C

	0
	0.88±0.01a
	12.76±0.51a

	24
	0.85±0.04a
	12.70±0.01a

	48
	0.65±0.05b
	11.14±1.58b

	72
	0.51±0.02c
	6.35±0.04c

	96
	0.34±0.03d
	3.15±0.03d

	LSD
	0.05
	1.18


Values are Means± standard deviation of triplicate determinations. Mean values within a row followed by different superscripts are significantly (p≤0.05) different.
LSD – Least significant difference

3.6 : Effect of fermentation Time on Sensory quality of garri from bio-fortified cassava variety

The results are presented in Table 6.
Colour: The sensory evaluation of garri colour from biofortified cassava variety TMS01/1371 showed relatively stable scores across all fermentation periods, ranging from 7.60 to 8.10 on a 9-point hedonic scale, with no statistically significant differences observed (p>0.05). The highest colour score was recorded at 24 hours of fermentation (8.10), while samples fermented for 72 and 96 hours received slightly lower scores (7.60). This consistency in colour appreciation suggests that the characteristic yellow/cream colour of the biofortified variety is maintained throughout fermentation, likely due to the carotenoid pigments that are relatively stable during the fermentation process, despite the measured decrease in vitamin A content shown in previous tables. The maintenance of acceptable colour scores even after extended fermentation is particularly important for biofortified varieties, as research by Bechoff et al. (31) has shown that consumer acceptance of biofortified cassava products is strongly influenced by their distinctive colour, which is often associated with higher quality and nutritional value.
Flavour: The flavour scores for gari samples across different fermentation periods ranged from 7.50 to 7.90, with no statistically significant differences observed among the samples (p>0.05). The highest flavour appreciation was recorded at 24 hours of fermentation (7.90), with a slight, non-significant decrease observed at extended fermentation periods (7.50 at 72 and 96 hours). The consistently high flavour scores across all fermentation periods suggest that the development of the characteristic fermented aroma of gari occurs relatively early in the fermentation process and is maintained throughout. This flavour stability despite significant changes in biochemical parameters (like TTA and pH) may indicate that the key volatile compounds responsible for gari flavour are produced during early fermentation stages. These findings are consistent with research by Oyewole and Odunfa (13), who demonstrated that while the intensity of fermented aroma in cassava products increases with fermentation time, consumer preference for these aromatic notes plateaus after a certain threshold is reached.
Texture: The texture scores for gari samples showed minimal variation across different fermentation periods, ranging from 6.90 to 7.20, with no statistically significant differences observed (p>0.05). The highest texture score was recorded at 24 hours of fermentation (7.20), while samples fermented for 0, 72, and 96 hours received slightly lower scores (6.90). This consistency in texture appreciation despite the significant changes in physical properties (like loose density and bulk density) suggests that the processing steps following fermentation, particularly the roasting/drying process, may have standardized the textural characteristics of the final product. The maintenance of acceptable texture scores across all fermentation periods is important for consumer acceptance, as texture is a critical sensory attribute that influences the mouthfeel and overall eating quality of gari. Similar findings were reported by Sanni et al. (2), who noted that while fermentation affects the structural characteristics of cassava mash, appropriate post-fermentation processing can yield products with comparable textural properties.

Taste: The taste scores for gari samples ranged from 6.60 to 7.20 across different fermentation periods, with no statistically significant differences observed (p>0.05). The highest taste scores were recorded at 24 hours of fermentation (7.20), with a slight decrease at 72 hours (6.60) followed by a small recovery at 96 hours (6.90). These variations, although not statistically significant, might reflect the complex changes in taste-active compounds during fermentation, including the production and subsequent utilization of organic acids as indicated by the TTA values. The consistently acceptable taste scores despite significant changes in biochemical composition suggest that the characteristic slightly sour taste of garri develops early in the fermentation process and remains within the acceptable range throughout. These findings align with research by Akingbala et al. (), who demonstrated that consumer preference for the sour taste in garri varies across different regions but generally remains acceptable within a broad range of acidity levels.
Overall Acceptability: The overall acceptability scores for gari samples showed remarkable consistency across all fermentation periods, ranging from 7.60 to 8.10, with no statistically significant differences observed (p>0.05). The highest overall acceptability was recorded at 96 hours of fermentation (8.10), suggesting that despite the significant changes in nutritional and physicochemical properties, the sensory quality of the final product remains consistently high. This stability in overall acceptability indicates that the complex interactions between various sensory attributes balance each other during fermentation, maintaining consumer appeal across different processing conditions. The slightly higher overall acceptability score for the 96-hour sample (8.10) despite its lower nutrient content suggests that sensory preferences may sometimes favor characteristics that develop during extended fermentation, possibly including texture or flavor compounds that weren't individually captured in the evaluation. These findings are consistent with research by Tomlins et al. (33), who reported that overall acceptability of cassava products often represents a complex integration of multiple sensory attributes rather than being dominated by any single characteristic

Table 6: Effect of fermentation Time on Sensory quality of gari from bio-fortified cassava variety

	Fermentation Time (h)
	Colour
	Flavour
	Texture
	Taste
	Over Acceptability

	0
	7.90+1.30a
	7.60±1.34a
	6.90±0.25a
	7.10±1.04a
	7.90±0.21a

	24
	8.10±0.31a
	7.90±0.73a
	7.20±0.78a
	7.20±1.04a
	7.60±1.34a

	48
	8.00±0.47a
	7.60±0.69a
	7.10±0.64a
	7.00±0.81a
	7.70±0.48a

	72
	7.60±1.34a
	7.50±0.84a
	6.90±0.53a
	6.60±0.86a
	7.90±0.73a

	96
	7.60±069a
	7.50±0.84a
	6.90±0.73a
	6.90±0.87a
	8.10±0.31a

	LSD
	0.50
	0.40
	0.30
	0.50
	0.40


Values are Means± standard deviation of triplicate determinations. Mean values within a row followed by different superscripts are significantly (p≤ 0.05) different.
LSD – Least significant difference
3.7 : Influence of Storage and fermentation time on selected chemical properties of Garri produced from Bio-Fortified cassava variety

The results are as presented in Table 7.

Carotenoid Content: The carotenoid content of garri from biofortified cassava variety TMS01/1371 demonstrated significant degradation influenced by both fermentation duration and storage time. Fresh samples (0 month storage) exhibited a progressive decrease from 0.85 mg/g at 0-24 h fermentation to 0.34 mg/g at 77-96 hours fermentation, representing a 60% reduction. This degradation pattern continued during storage, with samples stored for 4 months containing only 0.25-0.11 mg/g depending on fermentation time, representing a 70-87% overall reduction from the highest initial value. This substantial loss can be attributed to the oxidative degradation of carotenoids, which are highly susceptible to isomerization and structural breakdown under acidic conditions, exposure to light, and fluctuating temperatures during storage.

Rodriguez-Amaya (34) reported similar patterns in biofortified cassava products, noting that carotenoid stability is particularly compromised in fermented products. The data clearly demonstrates that minimizing both fermentation time and storage duration is critical for preserving the provitamin A value of gari from biofortified cassava, with samples fermented for 0-24 hours and consumed within one month retaining the highest carotenoid content (0.64 mg/g, representing 75% of the initial value).

Vitamin C Content: Vitamin C content exhibited extreme sensitivity to both processing parameters, showing the most dramatic degradation among all chemical properties analyzed. Fresh samples demonstrated a significant decrease from 12.70 mg/100g at 0-24 hours fermentation to 3.15 mg/100g at 77-96 hours fermentation, representing a 75% reduction. During storage, vitamin C continued to decline precipitously, with samples stored for 4 months containing only 2.80-0.87 mg/100g depending on fermentation time, representing an additional 72-78% reduction from their respective initial values. The combined effect of extended fermentation (77-96 hours) and prolonged storage (4 months) resulted in a staggering 93% reduction in vitamin C content. This extreme degradation can be attributed to vitamin C's water-soluble nature, high susceptibility to oxidation in acidic environments, and possible enzymatic degradation during storage. Interestingly, a slight anomaly was observed in the 25-48 hour fermentation samples between months 1-2, where vitamin C appeared to stabilize temporarily. Padayatty and Levine (35) demonstrated that vitamin C stability in food matrices is significantly compromised by conditions relevant to gari processing and storage, explaining the observed degradation patterns.

Hydrogen Cyanide (HCN) Content: The HCN content exhibited a beneficial reduction pattern across both processing parameters, demonstrating the effectiveness of fermentation and storage in detoxifying cyanogenic compounds. Fresh samples showed a significant decrease from 0.072 μg/g at 0-24 hours fermentation to 0.01 μg/g at 77-96 hours fermentation, representing an 86% reduction. During storage, HCN content continued to decline, with samples stored for 4 months containing only 0.023-0.006 μg/g depending on fermentation time, representing an additional 40-68% reduction. The combined effect of extended fermentation and prolonged storage resulted in a remarkable 92-98% reduction in cyanogenic compounds. This substantial detoxification can be attributed to multiple mechanisms, including enzymatic hydrolysis of linamarin, volatilization of hydrogen cyanide, and chemical degradation during storage. Notably, all final HCN values were well below the FAO/WHO recommended safety threshold of 10 mg/kg (0.1 μg/g), confirming that both fermentation and storage contribute significantly to ensuring the safety of gari from biofortified cassava, with the 77-96 hour fermentation samples showing the most effective cyanide elimination (0.006 μg/g after 4 months).

Moisture Content: The moisture content demonstrated a concerning increasing trend influenced by both fermentation duration and storage time, with significant implications for product stability and food safety. Fresh samples showed a progressive increase from 10.7% at 0-24 hours fermentation to 12.5% at 77-96 hours fermentation. During storage, moisture content continued to rise across all samples, with gari stored for 4 months exhibiting moisture levels between 12.04% and 15.3% depending on fermentation time. This moisture absorption during storage is particularly concerning as samples with extended fermentation periods exceeded the recommended safe moisture level of 12% for shelf-stable cassava products, even at early storage periods. The observed pattern suggests that extended fermentation may increase the hygroscopicity of the final product, possibly due to changes in starch structure and fiber components. Sanni et al. (2) demonstrated that moisture levels exceeding 12% significantly increase susceptibility to microbial spoilage and mycotoxin contamination. The data highlights the critical importance of proper drying, packaging, and storage conditions for maintaining the safety and stability of garri from biofortified cassava, particularly for samples subjected to extended fermentation periods.

Table 7: Influence of Storage and fermentation on selected chemical properties of Gari produced from Bio-Fortified cassava (TMS01/1371) variety

Storage

Fermentation

Chemical properties

time	Time (h)		

(month)

Carotenoid Mg/g

Vitamin C (Mg/100g)

HCN (μg/g)	Moisture (%)

	0
	0 – 24
	0.85
	12.70
	0.072
	10.7

	
	25 – 48
	0.65
	10.01
	0.062
	11.01

	
	49 – 76
	0.51
	6.35
	0.053
	12.15

	
	77 – 96
	0.34
	3.15
	0.01
	12.50

	1
	0 – 24
	0.64
	10.84
	0.050
	11.11

	
	25 – 48
	0.48
	6.72
	0.042
	11.80

	
	49 – 76
	0.38
	4.21
	0.041
	12.38

	
	77 – 96
	0.26
	2.60
	0.002
	12.59

	2
	0 – 24
	0.46
	6.20
	0.038
	11.5

	
	25 – 48
	0.36
	5.10
	0.031
	12.5

	
	49 – 76
	0.25
	3.50
	0.030
	12.68

	
	77 – 96
	0.18
	1.20
	0.003
	13.04

	3
	0 – 24
	0.34
	3.50
	0.029
	11.8

	
	25 – 48
	0.24
	4.04
	0.028
	13.0

	
	49 – 76
	0.19
	2.30
	0.026
	13.27

	
	77 – 96
	0.14
	1.00
	0.005
	13.60

	4
	0 – 24
	0.25
	2.80
	0.023
	12.04

	
	25 – 48
	0.20
	3.20
	0.027
	13.6

	
	49 – 76
	0.16
	1.80
	0.014
	14.18

	
	77 – 96
	0.11
	0.87
	0.006
	15.3

	
4. CONCLUSION
	
	
	
	
	



This study demonstrated that fermentation time significantly influences the nutritional, functional, and safety properties of gari produced from the bio-fortified cassava variety TMS 01/1371. Fermentation enhanced protein content and reduced anti-nutritional factors, especially hydrogen cyanide, phytates, and oxalates, thereby improving the nutritional safety of the product. However, extended fermentation and storage markedly reduced carotenoid (vitamin A) and vitamin C levels, as well as key minerals such as calcium, iron, and potassium. Functional properties like bulk and loose densities, and swelling index were also affected by fermentation time, with moderate changes observed. Sensory attributes remained generally acceptable across all fermentation periods, suggesting consumer appeal was not compromised. Storage over four months under ambient conditions led to additional losses in micronutrients and increased moisture content, which may affect shelf stability. Therefore, a fermentation duration of 24 to 48 hours is recommended to optimize the balance between detoxification, nutrient retention, and sensory quality in gari production from bio-fortified cassava. These findings have practical implications for improving food quality and micronutrient intake in cassava-consuming communities
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