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Nixtamalization and Fermentation Enhance the Nutritional and Sensory 

Attributes of Maize and Cassava-based Fufu 

 

 

Abstract 

This study evaluated the effects of nixtamalization and fermentation on the functional, 

nutritional, and sensory properties of maize and cassava-based fufu flours. Nixtamalized 

maize and fermented cassava were processed into flours and formulated in various ratios 

(2:1) to produce four samples: nixtamalized maize + fermented cassava (NXF), nixtamalized 

maize + non-fermented cassava (NXNF), non-nixtamalized maize + fermented cassava 

(NNF), and non-nixtamalized maize + non-fermented cassava (NNNF). All analyses were 

carried out using standard methods. Functional property analysis revealed significant 

differences (p<0.05) among samples, with NXF exhibiting the highest water absorption 

capacity (2.21 g/g) and swelling index (2.77 mL/g), while NXNF showed the highest bulk 

density (0.68 g/mL). Proximate composition indicated significant enhancement in protein 

(21.67% in NXNF) and ash content (3.88% in NXNF) due to the treatments. The mineral 

analysis demonstrated higher calcium (284.86 mg/100 g) and potassium (384.81 mg/100 g) in 

NXNF, while NXF displayed lower antinutrient levels, including tannins (0.58 mg/100 g) and 

phytates (1.47 mg/100 g), signifying improved nutritional value. Vitamin analysis revealed a 

significant increase in thiamine (0.55 mg/100 g) and niacin (0.65 mg/100 g) in NXF. Sensory 

evaluation ranked NXNF as the most preferred sample with an overall acceptability score of 

8.15. The results indicate that nixtamalization and fermentation significantly improve the 

functional, nutritional, and sensory properties of maize and cassava-based fufu flours. It is 

recommended that these treatments be adopted to enhance the quality of fufu products to 

address nutritional deficiencies in staple diets and promote consumer acceptance. Further 

studies should explore scaling these processing techniques for industrial applications and 

evaluating their economic feasibility. 

Keywords: Nixtamalization, Fermentation, Fufu, Nutritional Enhancement, Consumer 

acceptance 

 

  



 

2 
 

1.0 INTRODUCTION 

Fufu is a thick, starchy paste commonly consumed in West Africa, where it serves as a 

dietary staple. It is prepared by adding flour to boiling water and vigorously stirring until a 

smooth, gelatinous consistency is achieved. The choice of ingredients, which include cassava, 

yam, cocoyam, potatoes, and cereals, determines its composition and nutritional profile 

(Akubor, 2019). It’s generally known to be a fermented food product produced and consumed 

widely in West African countries, particularly Nigeria, Ghana, and Cameroon (Odoh et al., 

2022). Although the term fufu is considered primarily a cassava-based product, fufu is known 

in other parts of Nigeria and Cameroon to be made from other sources. Some of these sources 

include yam, plantain, banana, and a host of cereal crops including maize or corn. Corn fufu 

is one of the so many Cameroon staple foods eaten almost daily by the most vulnerable rural 

dwellers. It is typically prepared using maize flour, and the preparation method involves 

boiling water and then adding maize flour, which is then stirred to form a uniform mix. The 

resulting gelatinous mass is then cooled and served with various soups, such as huckleberry, 

bitter leaf, okra, or egusi soup (Akubor, 2019; Odoh et al., 2022). Corn fufu analogs have 

been reported in some parts of Nigeria and other African countries for example “Ojeakpa” 

(known and indigenous to the Igala people of Kogi state). In such preparations, they 

incorporate cassava flour in small amounts maintaining corn fufu to be in high amounts. This 

is because the flour's starch concentration is responsible for the texture of fufu dough 

(Akubor, 2019). 

Maize is a globally significant cereal grain, ranking third after wheat and rice. It is 

nutritionally important, providing carbohydrates for energy and fatty acids from its germ. In 

Nigeria, maize is used in diverse cuisines like gwate, popcorn, corn fufu, pap, and several 

other traditional dishes. Beyond food, maize has applications in medicine and various 

processing industries (Shiriki et al., 2015). Maize, both common and quality protein varieties, 

contains approximately 9.72 % protein, 4.85 % fat, 1.50 % ash, and 73.98 % carbohydrates. 

Key amino acids include lysine (2.64 g/100g), isoleucine (2.74 g/100g), and phenylalanine 

(4.20 g/100g). In Africa, various processing techniques are used to transform maize into 

diverse traditional foods (Sefa-Dedeh, 1991). The high dependence on corn as a staple food 

in tropical Africa, coupled with its relatively low nutritive value has often led to the 

employment of simple traditional methods aimed at improving the nutritional quality of 

maize-based foods (Sefa-Dedeh et al., 2003). 

Nixtamalization is the process of soaking and cooking maize grains in alkaline solutions prior 

to dehulling. It generally also refers to the removal of the pericarp from any grain using an 

alkaline process (Ocheme et al., 2010). Although native to Mesoamerica, nixtamalization has 

been employed as a primary processing step in the production of maize-based products in 

several other countries of the world (Ocheme et al., 2010; Offiah et al., 2016). It has been 

reported to increase the bioavailability of niacin, improve protein quality, increase calcium, 

and reduction of aflatoxin concentrations while improving the functional properties of the 

flours (Sefa-Dedeh et al., 2004; Matendo et al., 2023). While most food processors in Africa 

do not often use the nixtamalization process, the unit operations employed are not entirely 

novel. Thus, nixtamalization can be used to increase the nutritional value of maize while also 

introducing and fostering variation in the processing and application of maize in West Africa. 

Cassava (Manihot esculenta Crantz), is a crop that is widely grown in Nigeria and other West 

African nations for its starchy and high-energy tuber roots (Awolu et al., 2022). It is 

processed into a variety of fermented staple foods, such as fufu, gari, pupuru, and lafun, 

among others (Awolu et al., 2022; Fayemi & Ojokoh, 2014). The sweet cultivar cassava 

(employed for this study) has been reported to have higher moisture, ash, lipid, calcium, and 

iron values but lower levels of fiber, protein, carbohydrate, phosphorus, and antinutrients 

(Akubor, 2019) than the bitter cassava. However, several studies have also reported on low 
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nutritional qualities of cassava products; hence, the need to enrich the product with desirable 

functional ingredients. The reliance on cassava as a food source and the resulting exposure to 

the goitrogenic effects of thiocyanate has been responsible for several endemic diseases (like 

goitre) across the world. It is a problem, particularly in the region where cassava is the major 

source of calories (Awolu et al., 2022; Fayemi & Ojokoh, 2014). There is therefore every 

need to employ various treatments like fermentation that can reduce this cyanide content and 

improve the nutritional and sensory attributes of cassava-based foods. 

Fermentation is an adaptable household technology for improving the nutritive value of plant 

foods. Cereals such as maize, sorghum, millet, and rice can be fermented to increase the 

nutrient content, carbohydrate digestibility, and energy densities of gruels, increase the bio-

availability of amino acids and also improve their shelf life under controlled environments 

(Oladeji et al., 2018). Similar studies have also reported the same results indicating that 

fermentation could reduce the level of contamination by microorganisms thereby extending 

the shelf life of the food product (Afoakwa & Aidoo, 2006; Sefa-Dedeh et al., 2003). 

This study is therefore aimed at formulating and evaluating the quality of “fufu” from maize 

and cassava flours as influenced by nixtamalization and fermentation. 

2.0 MATERIALS AND METHOD 

2.1. Sourcing of Raw Material and Sample Preparation 

White maize variety and sweet cassava cultivar were used in this study and obtained from 

Wurukum and Wannune Markets respectively (all in Makurdi, Nigeria).  

Maize grains were sorted and cleaned from extraneous materials. These were further milled 

using a hammer mill and passed through a 40 mm mesh sieve. This (non-nixtamalized maize 

flour) was then packaged in low-density polyethylene bags and stored for further analysis  

(Akubor, 2019).  

Nixtamalized maize flour was prepared by the modified method of Offiah et al. (2016). The 

maize grains were cooked for 40 min in 1 % lime solution using a ratio of 1:3 (w/v grains: 

lime solution). After cooking, the maize grains were allowed to steep in the lime water for 18 

h and the liquor (nejayote) was drained. The nixtamal (alkaline cooked maize) was then 

washed three times with clean tap water to remove the pericarp and excess residual lime, 

followed by drying in a laboratory dehydrator (BONNETT, Model: ST-02, China) at 65 oC 

for 24 h. The dried nixtamal was then milled using a hammer mill to pass through a 40 mm 

mesh to obtain nixtamalized maize flour. The nixtamalized maize flour was packaged in low-

density polyethylene bags, sealed and stored for further analysis.  

Non-fermented cassava flour was produced by the method described by Awolu et al. (2022). 

Cassava tubers were sorted, peeled, washed, and cut into small pieces. The pieces were then 

oven-dried at 65°C for 48 hours. Cassava flour was fermented using the back-slopping 

method at room temperature. Fifty grams of flour was mixed with 150 mL of distilled water 

and fermented for 24 hours. Half of the fermented mixture was used as a starter for 

subsequent fermentation cycles. Titratable Acidity and pH were monitored throughout the 

process. Fermentation continued until the pH stabilized. The fermented broths were then 

dried at 50°C for 24 hours and ground through a 40 mm mesh sieve. 

2.2. Flour blend formulation for fufu Preparation 

Four samples were formulated by blending the different flours in a ratio of 2:1 (w/w Maize: 

Cassava) using a laboratory mixer (FOOD MIXER, Model, B5, China). The four samples 

include; Non-nixtamalized maize + Non-fermented cassava (NNNF), Non-nixtamalized 

maize + Fermented cassava (NNF), Nixtamalized maize + Non-fermented cassava (NXNF) 

and Nixtamalized maize + Fermented cassava (NXF). These flours were packaged in low-

density polyethene bags and stored in plastic containers with airtight lids until used. The 
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experimental layout is shown in Figure 1. The chosen samples were then subjected to quality 

analyses 
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Figure 1: Experimental Lay-out 
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2.3. Physicochemical analyses of the samples 

2.3.1 Determination of the functional properties 

Water absorption capacity (WAC): The method described by Onwuka, (2018) was used. One 

gram of the flour sample was weighed into a 15 mL centrifuge tube and suspended in 10 mL of 

water. It was shaken on a platform tube rocker for 1 min at room temperature. The sample was 

allowed to stand for 30 min and centrifuged at 1200 x g for 30 min. WAC was then calculated as 

follows: 

𝑊𝐴𝐶 =
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟−𝑓𝑟𝑒𝑒 𝑤𝑎𝑡𝑒𝑟

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
× 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓𝑤𝑎𝑡𝑒𝑟 × 100     (2) 

Oil absorption capacity (OAC): One gram of the flour sample was weighed into a 15 mL 

centrifuge tube and suspended in 10 mL of vegetable oil. It was shaken on a platform tube rocker 

for 1 min at room temperature. The sample was allowed to stand for 30 min and centrifuged at 

1200 x g for 30 min (Onwuka, 2018). 

𝑂𝐴𝐶 =
𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑜𝑖𝑙−𝑓𝑟𝑒𝑒 𝑜𝑖𝑙

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
× 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓𝑜𝑖𝑙 × 100      (3) 

Bulk density (BD): Fifty grams of the flour sample was poured into 100 mL measuring cylinder. 

The cylinder was tapped continuously until a constant volume was obtained. The bulk density 

(g/mL) was calculated as the weight of flour (g) divided by flour volume (mL) (Awolu et al., 

2022). 

𝐵𝐷 =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑓𝑡𝑒𝑟 𝑡𝑎𝑝𝑝𝑖𝑛𝑔
× 100        (4) 

Swelling index (SI): One gram (1.0 g) of the flour sample was mixed with 10 mL distilled water 

in a centrifuge tube and heated at 80 °C for 30 min. This was continuously shaken during the 

heating period. After the heating, the suspension was centrifuged at 1000 x g for 15 min. The 

supernatant was decanted and the weight of the paste was taken (Awolu et al., 2022). The 

swelling power was calculated as follows: 

𝑆𝐼(%) =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑝𝑎𝑠𝑡𝑒

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑓𝑙𝑜𝑢𝑟
× 100        (5) 

2.3.2. Determination of the proximate composition of flours/formulations 

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 (AOAC, 

2012). Carbohydrate was calculated by difference as follows; 

% Carbohydrate = 100 − [Protein(%) + Fat (%) + Ash (%) + Fibre(%) + Moisture (%)]     (6) 

2.3.3. Determination of the mineral content of the flours 

The Magnesium, Calcium, Potassium, Sodium and Phosphorous contents of samples were 

determined by the atomic absorption spectrophotometer method (AOAC, 2012). Two grams of 

the dried samples were ignited in a muffle furnace at a temperature of 600 °C. The ash was 

dissolved in 10 mL of 5 M HCl. Acid digestion of the ash was then be carried out on a steam 

plate and the digested sample carefully washed with distilled water and filtered using Whatman’s 

filter paper into a 50 mL volumetric flask and diluted to volume. The samples and blanks were 

then analyzed for the different minerals using the Atomic Absorption Spectrophotometer 

(Perkin-Elmer Analyst 700 spectrophotometer (Norwalk, CT, USA). 
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2.3.4. Anti-nutritional analysis of samples 

Determination of Tannin contents 

The tannin content was determined using the Burn method (Krishnaiah et al., 2009). 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: 

𝐶1 =
𝐶1𝐶2

𝑉1
 

% Tannic acid content =
C1 X 100

Weight of sample
         (7) 

Where; 

C1= Conc. of tannic acid, C2=Conc. of base, V1=Volume of tannic acid, V2= Volume of base 

Determination of phytates content 

The method of Young and Greaves with slight modification was used (Disseka et al., 2018). 

Exactly 2 g of samples was soaked with 100 mL of 20 % concentrated HCl for 3 h in a 250 

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)
       (8) 

Determination of cyanide 

Alkaline picrate reagent was prepared by a modification of the method described by Wasiams 

and Edwards (1980) as follows: Test tubes with 2 mL of 2 % KOH and 1 mL of picric acid: 

Na
2
CO

3
: H2O (1:5:200 v/w/v) was prepared (Nwokoro et al., 2010). Standard absorbance curves 

were made with 3 Whatman No. 1 papers each with a dimension of 8×1 cm. 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 
o
C and immediately sealed with 3 picrate-

impregnated papers. The system was incubated at room temperature (28 ± 2 
o
C) for 24 h. The 

red-coloured complex formed was eluted with 50 % ethanol solution for 30 min. The eluate 

absorbance was measured at 510 nm using a spectrophotometer. Cyanide levels of the samples 

were extrapolated from the standard curve. 

Determination of oxalate content 

This was determined by the standard method of AOAC (2012). 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 
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5 % 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; 

1 mL of 0.05 M KMnO4 = 2.2 mg oxalate                                                                  (9) 

2.4. Determination of Color Attributes of the flour samples for fufu 

The color differences were analyzed according to the method described by Capule & Trinidad, 

(2016) with a chromameter (CR-300; Minolta, Tokyo, Japan) using the Hunterlab system, which 

identifies color using three attributes: L (white = 100, black = 0), a (red = positive, green = 

negative) and b (yellow = positive, blue = negative).  

2.5. Evaluation of the sensory attributes of the fufu samples 

Twenty (20) habitual panelists consisting of adult males and females were used for sensory 

evaluation according to the method described by (Awolu et al., 2022). Fufu samples were 

evaluated on a 9-point Hedonic scale of 9 (like extremely) to 1 (dislike extremely) for 

appearance, taste, aroma, texture, mouldability, and overall acceptability. The samples were 

prepared by stirring flour in boiling water 1:4 (v/v) of flour to water dispersion at 100 °C for 30 

min. The reconstituted food samples were coded with three digits (using the random number 

table) and presented to panelists. 

2.6. Statistical analysis 

Data was collected in triplicates and analyzed using SPSS (Statistical Package for Social 

Sciences) Version 27. The Analysis of Variance (ANOVA) was performed to determine 

significant differences between the means while the Duncan Multiple Range Test was used to 

compare and separate means. Significance was accepted at p<0.05 

3. RESULTS AND DISCUSSION 

3.1 Effect of nixtamalization and fermentation on the functional properties of blends of 

nixtamalized maize and fermented cassava 

The effect of nixtamalization and fermentation on the functional properties of fufu flours 

produced from blends of nixtamalized maize and fermented cassava are presented in Table 1. 

The water absorption capacity ranged from 2.08 (NNNF) to 2.21 g/g (NXF). The treatments 

were observed to significantly affect the water absorption capacity of the flours, wherein the 

treated samples had higher values than the treated samples. Ocheme et al. (2010) obtained higher 

(2.29 to 5.91 g/g) water absorption capacity values when investigating the effect of lime cooking 

on the quality of sorghum flours. Lower values (0.18-0.34 g/g) were obtained for unfermented 

fufu composite flour made from cassava sievate, guinea corn and unripe plantain flours blends 

(Odoh et al., 2022). Reports have also noted that the water absorption capacity of nixtamalized 

maize flour increased with fermentation hours, demonstrating the importance of the interplay 

between the two treatments:-nixtamalization and fermentation (Afoakwa & Aidoo, 2006). 
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Table 1: Functional properties of Blends of Maize and Cassava Flours 

 

 

 

 

 

 
 

Values are means±standard deviation of triplicate determinations. Means across a row with different superscripts 

are significantly different at p<0.05 

NXF-Nixtamalized maize + Fermented cassava, NXNF-Nixtamalized maize + Non-Fermented cassava,  

NNF-Non-Nixtamalized maize + Fermented cassava, NNNF-Non-Nixtamalized maze + Non-Fermented cassava 

WAC-Water Absorption Capacity, OAC-Oil Absorption Capacity, BD-Bulk Density, SI-Swelling index 

 

The oil absorption capacity of the flour blends ranged from 1.63 g/g (NNNF) to 1.69 (NXF) with 

significant differences (p<0.05) among the samples. Just like the water absorption capacity, the 

treated samples had significantly higher oil absorption capacities than the non-treated samples. 

This could be due to the exposure of more hydrophobic ends which favours oil absorption (and 

this is brought about by the treatments). Hassan et al. (2023) observed oil absorption capacity 

ranging from 88.82 to 88.89 % for maize tortillas. The oil absorption capacity of African yam 

bean flour was observed to be enhanced by fermentation as reported by Chinma et al. (2020) to 

increase from 1.14 to 1.80 g/g. Oil absorption capacity ranging from 1.21 to 1.58 g/g was 

observed by Ocheme et al. (2010) for lime-cooked sorghum flours. 

The bulk density ranged from 0.62 g/mL (NNF) to 0.68 g/mL (NXNF) with significant 

differences among the samples. The treated sample (NXF) was seen to have the lowest bulk 

density implying the treatments significantly reduced the bulk density and therefore made 

packaging of the product much easier. Bulk density ranging from 0.44 to 0.62 g/mL was reported 

by Oladeji et al. (2018) for fermented maize flours. Similar results were observed by Ocheme et 

al. (2010), just like Odoh et al. (2022) who observed bulk density values ranging from 0.54 to 

0.72 g/mL for unfermented fufu composite flour made from cassava sievate, guinea corn and 

unripe plantain flours blend. 

The swelling capacity of the flour blends ranged from 2.71 mL/g (NNF) to 3.08 mL/g (NXNF). 

Significant differences were observed among the samples owing to the treatments employed. 

These results are higher than those reported for African yam bean flour as influenced by 

fermentation (Chinma et al., 2020). Authors have also observed a swelling power of 2.70 to 4.83 

mL/g for soy-poundo yam flour (Maloma et al., 2013). A comparative study of fufu flours from 3 

cassava varieties observed a swelling capacity ranging from 15.35 to 17.36 mL/g (Adesola et al., 

2022). 

3.2. Effect of nixtamalization and fermentation on the proximate composition of blends of 

maize and cassava-based flours 

The moisture content of the blends are presented in Table 2. The moisture content of the blends 

varied significantly (p<0.05) from 11.44 % db (NXNF) solids to 13.03 % db (NNF). The 

moisture was generally lower in samples involving nixtamalization or a combination of 

nixtamalization and fermentation. This complements the report that due to the concentration of 

the lime, nixtamalization modifies starch structure, reducing its ability to retain water and in turn 

lowering the moisture content (Santiago-Ramos et al., 2018). The moisture content of foods is a 

Functional 

Property 

Sample 

NXF NXNF NNF NNNF 

WAC (g/g) 2.21a±0.03 2.18a±0.02 2.16ab±0.01 2.08b±0.08 

OAC  (g/g) 1.69b±0.01 1.72a±0.00 1.65c±0.01 1.63d±0.01 

BD (g/ml) 0.65b±0.00 0.68a±0.00 0.62d±0.00 0.65c±0.00 

SI (mL/g) 2.77c±0.03 3.08a±0.00 2.71d±0.03 2.87b±0.04 
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very critical factor in the handling and storage of food products. The Standard Organization of 

Nigeria (SON) recommends a moisture content of <14 % for the safe storage of flour (Bongjo et 

al., 2022). The observed results are higher than those reported for fufu produced from sweet 

cassava and guinea corn flour (7.02-9.89 %) as reported by Awolu et al. (2022). In another study 

by Matendo et al. (2023), the authors recorded a moisture content (dry basis) ranging from 4.0 % 

to 5.6 % which is lower than those reported in this study. This difference could be due to 

differences in processing methods as well as geographical location. 

Table 2: Proximate composition of Blends of Maize and Cassava Flours 

Nutrient 

(g/100 g solids) 

Sample 

NXNF NXF NNF NNNF 

Moisture 11.44c±0.02 11.52bc±0.01 13.03a±0.10 11.59b±0.03 

Ash 3.88a±0.00 3.63b±0.01 3.29d±0.03 3.55c±0.03 

Crude protein 21.67a±0.00 13.30c±0.01 17.87b±0.12 8.76d±0.03 

Crude fibre 3.83a±0.02 3.65b±0.01 3.33c±0.01 3.12d±0.03 

Crude fat 7.60a±0.09 6.08b±0.03 6.35c±0.02 3.87d±0.02 

Carbohydrate 63.02d±0.10 73.34b±0.01 69.16c±0.12 81.82a±0.01 

Energy (kcal) 407.18a±0.38 401.28c±0.23 405.24b±0.18 397.18d±0.08 

Values are means±standard deviation of triplicate determinations. Means across a row with different superscripts 

are significantly different at p<0.05 

NXF-Nixtamalized maize + Fermented cassava, NXNF-Nixtamalized maize + Non-Fermented cassava,  

NNF-Non-Nixtamalized maize + Fermented cassava, NNNF-Non-Nixtamalized maze + Non-Fermented cassava 
 

The Ash content of a food sample depicts the inorganic residue that remains after the removal of 

water and organic matter. In other words, provides a measure of the amount of minerals in a 

food. The ash content of the samples was greatly enhanced by the treatments; of nixtamalization 

and fermentation, with samples treated with both nixtamalization and/or fermentation having 

higher ash content. Authors have reported enhancement in the ash content (1.29 to 2.8 %) of a 

maize-soybean-based composite flour (Matendo et al., 2023) which were however lower than 

those reported in this study varying between 3.29 to 3.88 %. (Awolu et al., 2022) also reported 

ash content lower for cassava-sorghum-based fufu ranging from 1.50 to 2.20 %. Results in this 

study are also consistent with those of Fayemi & Ojokoh (2014) emphasizing the role of 

fermentation in the enhancement of the nutritional content of food products. Akubor (2019) 

reported the ash content for instant fufu flours to range from 2 to 4.4 %. 

Proteins are very essential in the functioning of the body by serving as structural support, 

biochemical catalysts, hormones, enzymes, building blocks, etc. It was observed that both 

nixtamalization and fermentation greatly enhanced the protein content of the samples with values 

ranging significantly (p<0.05) from 8.76 % (untreated sample NNNF) to 21.67 % (treated 

sample, NXNF). A protein content ranging from 2.40 % to 11.16 % was reported for 

unfermented fufu from cassava sievate, guinea corn and unripe plantain flour blend (Odoh et al., 

2022), which are lower than those reported in this study, could be because the flours were not 

treated (unfermented as mentioned). Other reports have also presented protein content ranging 

from 6.50  to 7.99 % for fufu from maize, millet and sorghum (Okwulehie et al., 2021). Chinma 

et al. (2020) on the other hand reported a protein content of up to 25.02 % in bread produced 



 

11 
 

from fermented African yam bean. Ocheme et al. (2010) while investigating the effect of lime 

cooking on the physicochemical properties of sorghum and millet flour observed an 

enhancement in the protein content ranging from 11.57 % in untreated samples to 14.57 % in 

lime-cooked flours. 

Consumption of foods appreciably high in fibre contributes to an increase in faecal bulk thus 

increased the rate of intestinal transit. Dietary fibre intake has also been linked with lower risk of 

coronary heart disease, stroke, hypertension, diabetes, lowering blood pressure as well as 

cholesterol levels in the serum (Anderson et al., 2009). It was observed in this study that samples 

treated by nixtamalization and/or fermentation had appreciably higher fibre content compared to 

the untreated samples. This is consistent with reports that the combination of heat and alkali 

during traditional nixtamalization acts aggressively on the pericarp's outer layers, promoting 

partial removal of hemicelluloses and partial lignin from the pericarp's fibre matrix (Bello-Pérez 

et al., 2015). Other researchers highlighted a similar report in a study evaluating the effect of 

nixtamalization of maize and heat treatment of soybean on the nutrient, antinutrient, and 

mycotoxin levels of maize-soybean-based composite flour (Matendo et al., 2023). In another 

study on the effect of solid-state fermentation on proximate composition, anti-nutritional factor, 

microbiological and functional properties of lupin flour (Olukomaiya et al., 2020), the fibre 

content was reported to range from 12.4 to 14.9 %, which is higher than that reported in this 

study. This could be due to the difference in the fermentation technique used. 

The fat content ranged from 3.87 to 7.60 %. The trend observed in this study contradicts reports 

that nixtamalization led to a reduction in the fat content of flours (Bello-Pérez et al., 2015), just 

like fermentation (Chinma et al., 2020). Matendo et al. (2023) however, complement this study 

as they observed an increase in the fat content with nixtamalization. There have been reports of 

lower fat content in fufu prepared by employing different fermentation techniques (Fayemi & 

Ojokoh, 2014). Results in this study are similar to those reported by Ocheme et al. (2010) for 

lime-cooked millet and sorghum flours. While evaluating the quality of fufu produced from 

sweet cassava and guinea corn flour, Awolu et al. (2022) observed similar fat content of 4.99 to 

5.34 %. This low fat content is desirable in fufu as a product because higher content would 

adversely affect the product by acting as a shortening. 

The carbohydrate content of the samples were significantly different from each other with treated 

samples (NXNF) having the least carbohydrate compared to the untreated samples (NNNF, 

81.82 %). This low carbohydrate content in treated samples could be due to its higher protein, 

ash and fibre content since carbohydrate was obtained by difference. Several studies have 

reported different values for carbohydrate contents ranging from 85.95 to 86.86 % (Ramírez-

Jiménez et al., 2019), 68.4 to 75.4 % (Hassan et al., 2023) as well as 74.43 to 78.86 % (Matendo 

et al., 2023). These differences could be due to differences in varieties and/or processing 

methods. This was also echoed by another study (Ocheme et al., 2010). 

The energy value of the samples ranged from 397.18 kcal (NNNF) to 407.18 kcal (NXNF). 

However, these values were higher when compared with the FAO/WHO recommended energy 

value (344 kcal/day) (Awolu et al., 2022). The codex standards also recommend energy values in 

the range of 400–425 kcal. Results in this study also fall within this range. This is evident that 

the flour samples could be much more suitable for providing the daily energy requirement for 

both adults and children. The observed high energy value of these experimental flour samples 

may be attributed to the high fat and protein content of guinea corn and this is in agreement with 

the findings of Awolu et al. (2022) and Hassan et al. (2023). 
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3.3. Effect of nixtamalization and fermentation on the mineral composition of maize and 

cassava-based flours 

Calcium, Magnesium, Potassium, Sodium and Phosphorus were analyzed in the formulated 

samples as seen in Table 3. It was generally observed that except for Phosphorus, samples NXF 

and NXNF had higher mineral content compared to the other samples. NXNF had the highest 

mineral contents compared with NXF. This could be explained by the fact that during 

fermentation some minerals are leached into the broth medium, implying that a combination of 

nixtamalized maize and fermented cassava (NXF) would normally have a lower mineral content 

compared with NXNF (nixtamalized maize and non-fermented cassava). 

Calcium is necessary for bone and tooth structural integrity and mineralization. It is essential for 

a variety of metabolic and regulatory functions. It cofactors several enzymes required for nerve 

and muscle function, participates in the blood clotting cascade and regulates numerous 

intracellular activities. Enhanced calcium contents have been reported ranging from 1383.0 to 

1449.4 mg/100 g in maize-soybean composite flour (Matendo et al., 2023), with nixtamalized 

samples having the highest value. This is in agreement with results in this study observing 

calcium contents in the range 198.56 to 284.86 mg/100 g, though lower. Awolu et al. (2022) 

reported even higher calcium values than reported in this study ranging from 124.00 to 885.00 

mg/100 g. These results are however higher than those reported for bread made from African 

yam bean flour measuring 43.14 to 48.10 mg/100 g (Chinma et al., 2020). While evaluating the 

acceptability of fufu produced using residue from maize, millet and sorghum as a strategy for 

sustainable food security (Okwulehie et al., 2021), calcium content was observed to range from 

2.46 to 3.73 mg/100 g which is lower than reported in this study. This could be because no 

treatment such as nixtamalization and/or fermentation was applied to the raw materials. 

Table 3 Mineral Composition of Blends of Maize and Cassava Flours 

Mineral 

(mg/100 g) 

Sample 

NXF NXNF NNF NNNF 

Calcium 245.83b±0.05 284.86a±0.04 214.33c±0.01 198.56c±0.06 

Magnesium 165.36c±0.02 178.63a±0.03 172.84b±0.04 165.37c±0.00 

Potassium 260.84c±0.04 384.81a±0.05 282.21b±0.01 237.32d±0.08 

Sodium 45.84c±0.04 56.33a±0.01 49.64b±0.02 45.78d±0.01 

Phosphorus 148.10d±2.56 179.31b±0.55 166.97c±1.57 193.46a±0.01 

Values are means±standard deviation of triplicate determinations. Means across a row with different superscripts 

are significantly different at p<0.05 

NXF-Nixtamalized maize + Fermented cassava, NXNF-Nixtamalized maize + Non-Fermented cassava,  

NNF-Non-Nixtamalized maize + Fermented cassava, NNNF-Non-Nixtamalized maze + Non-Fermented cassava 
 

Magnesium is known for its control of a variety of biochemical processes in the body including 

protein synthesis and the operation of muscles and nerves. Values recorded for magnesium 

(165.36 to 178.63 mg/100 g) are higher than those reported by Fayemi & Ojokoh (2014) for fufu 

flours produced by different fermentation techniques. Nixtamalization was also shown to 

significantly enhance the magnesium content of maize-soybean composite flour with values 

ranging from 100.6 to 142.9 mg/100 g (Matendo et al., 2023). Chinma et al. (2020) also reported 

lower magnesium content than those reported in this study. This could be because 

nixtamalization and fermentation were employed in this study, which better enhanced the 

mineral content. 
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Because potassium serves as a crucial electrolyte in the neurological system and has been 

demonstrated to have a potent, dose-dependent inhibitory effect on sodium sensitivity, the body 

requires relatively significant amounts of this mineral. The potassium content observed (237.32 

to 384.81 mg/100 g) is higher than the 267.58-286.35 mg/100 g reported for sprouted soybean-

supplemented nixtamalized maize flour (Inyang et al., 2019). Also, fufu produced from maize, 

sorghum and millet flours had potassium contents ranging from 265.92 to 380.66 mg/100 g 

(Okwulehie et al., 2021). In another study, the potassium content of spontaneously fermented 

finger millet flour was found to range from 416.20 to 444.09 mg/100 g. A study evaluating the 

physicochemical properties and anti-nutrient contents of unripe banana and African yam bean 

flour blends observed a potassium content of 345.96-382.41 mg/100 g which is higher than those 

reported in this study (Inyang & Ekop, 2015). This study could be due to differences in varieties 

as well as differences in processing methods. 

Sodium is required to maintain the correct concentration of body fluids as well as aid in nerve 

impulse transmission. The sodium content reported in this study (45.78 to 56.33 mg/100 g) are 

higher than those put forth by Inyang & Ekop (2015). Fayemi & Ojokoh (2014) observed sodium 

contents in the range of 0.097 to 0.555 mg/100 g, which is lower than those reported in this 

study. Awolu et al. (2022) also reported similar but lower sodium content ranging from 31.00 to 

39.50 mg/100 g for fufu flours produced from cassava and sorghum flours. 

Phosphorus is a necessary element for animal growth and development since it strengthens bones 

and promotes overall health and well-being. It was observed that nixtamalization and 

fermentation significantly enhanced the phosphorus content of the samples. The phosphorus 

content ranged from 148.10 to 193.46 mg/100 g. The phosphorus content of fufu flours from 

maize and sorghum ranged from 234.93 to 1864.0 mg/100 g as reported by  Awolu et al. (2022). 

Also, (Fayemi & Ojokoh, 2014) reported phosphorus content in the range of 0.057 to 0.152 

mg/100 g. While evaluating the acceptability of fufu produced using residue from maize, millet 

and sorghum calcium content was observed in the range of 258.29 to 298.09 mg/100 g 

(Okwulehie et al., 2021). 

3.4. Effect of nixtamalization and fermentation on the antinutritional composition of maize 

and cassava-based flours 

Four antinutrients were analysed in this work namely tannins, phytates, alkaloids and hydrogen 

cyanide and are presented in Table 4. It was generally observed that the samples treated with 

nixtamalization and/or fermentation had antinutrient content lower than the samples not treated 

at all. Anti-nutritional factors are known to be toxic and can cause impairments in protein 

digestibility and mineral availability, which can negatively affect the nutrient value of foods. 

The tannin content observed in this study (0.58 to 0.89 mg/100 g) is lower than reported for fufu 

from cassava and sorghum flours who reported 2.86 to 3.95 mg/100 g (Awolu et al., 2022). 

Ocheme et al. (2010) also reported higher values than reported in this study (5.31 to 13.4 g/kg). 

(Ngozi & Nkiru, 2014), claim that tannin-protein complexes are responsible for low protein 

digestibility, growth depression, and decreased availability of amino acids. 
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Table 4 Antinutrient Composition of Blends of Maize and Cassava Flours 

Antinutrient 

(mg/100 g) 

Sample 

NXF NXNF NNF NNNF 

Tannin 0.58d±0.00 0.75b±0.00 0.65c±0.01 0.89a±0.00 

Phytate 1.47c±0.01 1.45c±0.00 1.96b±0.01 2.43a±0.49 

Oxalate 0.65c±0.00 0.96b±0.00 0.63d±0.00 1.03a±0.01 

Hydrogen cyanide 0.89d±0.00 1.44a±0.01 0.95c±0.01 1.28b±0.00 
Values are means±standard deviation of triplicate determinations. Means across a row with different superscripts 

are significantly different at p<0.05 

NXF-Nixtamalized maize + Fermented cassava, NXNF-Nixtamalized maize + Non-Fermented cassava,  

NNF-Non-Nixtamalized maize + Fermented cassava, NNNF-Non-Nixtamalized maze + Non-Fermented cassava 

According to Ngozi & Nkiru (2014), phytic acid forms insoluble salts. It affects digestibility by 

chelating with calcium or proteolytic enzymes, which prevents the body from absorbing certain 

metals like iron and zinc. In this study, the phytic acid content observed was in the range of 1.45 

to 2.43 mg/100 g These are lower than those reported in previous studies (Awolu et al., 2022; 

Ocheme et al., 2010). However, the results are higher than those advanced by Ojokoh et al. 

(2013). 

Oxalates chelate minerals such as calcium, zinc and iron, preventing their absorption and 

utilization in the human body. The oxalate content observed in this study ranged from 0.63 to 

1.03 mg/100 g. This is lower than the results Awolu et al. (2022) obtained, ranging from 0.86 to 

1.03 mg/g. Hassan et al. (2023) also got oxalate content higher (1.0 - 4.71 mg/100 g) than those 

reported in this study. This could be due to processing efficiency or the variety of raw materials. 

Hydrogen cyanide is a respiratory poison which interferes with the processes of the electron 

transport chain, disrupting the respiratory chain. The cyanide content obtained is comparatively 

lower than the value (0.84 to 1.69 mg/100 g) and 7.8 to 16.05 mg/100 g reported by Awolu et al. 

(2022) and Ocheme et al. (2010) respectively. The recommended safe limit for hydrogen cyanide 

content in cassava according to scientific standards 10 mg/kg (Ubwa et al., 2015). Values 

obtained herein are therefore within the recommended safe limit. 

3.5. Effect of nixtamalization and fermentation on the vitamin composition of maize and 

cassava-based flours 

The vitamin content of the samples was greatly enhanced by the treatments; nixtamalization and 

fermentation as seen in Table 5. The vitamins analysed (B1, B2, B3 and C) are water-soluble and 

are known to be heat-labile. The thiamin content reported in this study (0.35 to 0.55 mg/100 g) is 

lower than the recommended value set by the International Organization for Migration which is 

1.1-1.2 mg/day (for adult men and women) also processing has been known to significantly 

reduce the thiamine content of processed products. It is also known that processed maize 

products contain less than whole grains; however, the bioavailability of thiamin increases with 

processing (Suri & Tanumihardjo, 2016). Fermentation has been reported to increase the 

bioavailability of vitamin content by way of precipitating and reducing the levels of antinutrients 

(Bamidele et al., 2015). Shrivastava & Ananthanarayan (2015) also observed thiamin content in 

idli with fermentation time. Thiamin is implicated in several metabolic reactions in carbohydrate 

metabolism. It is very essential in the growth of children and health improvement as well as aids 

in the functioning transmission of nerve impulses. Thiamin deficiency leads to growth 
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retardation in children with chronic deficiency leading to a disease known as beri beri 

(Mrowicka et al., 2023). 

Table 5 Vitamin Composition of Blends of Maize and Cassava Flours 

Vitamin 

(mg/100 g) 

Sample 

NXF NXNF NNF NNNF 

Thiamine (B1)  0.55a±0.01 0.48b±0.00 0.40c±0.01 0.35d±0.00 

Riboflavin (B2) 0.28a±0.00 0.24c±0.01 0.26b±0.00 0.21d±0.00 

Niacin (B3) 0.65a±0.00 0.57c±0.01 0.60b±0.00 0.54d±0.00 

Ascorbic acid 

(C) 

2.17a±0.01 1.91c±0.02 1.96b±0.01 1.62d±0.00 

Values are means±standard deviation of triplicate determinations. Means across a row with different superscripts 

are significantly different at p<0.05 

NXF-Nixtamalized maize + Fermented cassava, NXNF-Nixtamalized maize + Non-Fermented cassava, NNF-Non-

Nixtamalized maize + Fermented cassava, NNNF-Non-Nixtamalized maze + Non-Fermented cassava 

Riboflavin content (vitamin B2) reported in this study (0.21 to 0.28 mg/100 g) is higher than 

reported by (Suri & Tanumihardjo, 2016) in the order of 0.2 mg/100 g. This is however lower 

than the recommended value of 1.1 to 1.3 mg/day.  It plays a significant role in energy 

production by aiding in the conversion of carbohydrates into glucose and is involved in the 

body’s metabolic processes. A daily supply of riboflavin is required for all age groups. 

Riboflavin deficiency can fail to grow, skin lesions and mouth soreness (Suwannasom et al., 

2020). 

Niacin (Vitamin B3) is an important factor in the release of energy from food, especially 

carbohydrates, by oxidation. Daily consumption is required. Deficiency in niacin content results 

in the disease pellagra, with the following symptoms; dermatitis, dementia and diarrhoea 

(Meyer-Ficca & Kirkland, 2016). The niacin content in this study (0.54 to 0.65 mg/100 g) is 

lower than those reported for Philippine salt bread (0.6 to 1.6 mg/100 g) (Sunico et al., 2021). 

The recommended daily value for niacin is 14 mg/day. In a report by Lay & Fields (1981) and 

cited by (Suri & Tanumihardjo, 2016) it was observed that maize fermented after germination 

had significantly higher levels of niacin. 

The nutritional importance of vitamin C as an essential water-soluble vitamin is well established. 

Vitamin C is a cofactor in numerous physiological reactions, including collagen gene expression, 

peptide hormone activation, and carnitine synthesis. It is also an effective antioxidant. Therefore, 

adequate intake of vitamin C from food is vital for normal functioning of the human body (Gupta 

et al., 2022). The vitamin C content observed in this study (1.62 to 2.17 mg/100 g) is lower than 

the RDA for vitamin C which is 75 and 90 mg/day for women and men, respectively (Suri & 

Tanumihardjo, 2016) 

3.6. Effect of nixtamalization and fermentation on the Color attributes of maize and 

cassava-based flours 

The results are presented in Table 6. Colour is a vital sensory attribute that determines 

consumers’ acceptability of food products (Awolu et al., 2022; Chinma et al., 2020). Significant 

differences were observed in colour among the fufu flour samples using the Hunter lab system. 

The Hunter L*, a*, b*, colour space is organized in a cube form. The L axis runs from the top to 

the bottom with a maximum L* value of 100 (for a perfect reflecting diffuser) and a minimum 

L* value of zero (black). The axes a* and b* have no specific numerical limit; +a* is red, -a* is 
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green, +b* is yellow, -b* is blue (Hunter lab 2008). Nixtamalization and fermentation were seen 

to significantly (p<0.05) affect the colour attributes of the flours. NNNF (75.40) was the lightest 

while NNF (65.38) was comparatively the darkest. Interestingly samples with lower L values had 

higher a* values (meaning that they were redder than the non-treated samples). Sample NXF 

(12.54) was yellower than the other samples with sample NNF being the bluest.   

 

Table 6 Color attributes of blends from Maize and Cassava Flours 

Parameter 
Sample 

NXF NXNF NNF NNNF 

L* 68.42c±0.02 72.63b±0.03 65.38d±0.00 75.40a±0.00 

a* 5.31a±0.01 4.61b+±0.01 2.40d±0.00 4.25c±0.00 

b* 9.45d±0.00 10.75c±0.03 12.54a±0.06 11.27b±0.02 

Values are means±standard deviation of triplicate determinations. Means across a row with different superscripts 

are significantly different at p<0.05 

NXF-Nixtamalized maize + Fermented cassava, NXNF-Nixtamalized maize + Non-Fermented cassava, NNF-Non-

Nixtamalized maize + Fermented cassava, NNNF-Non-Nixtamalized maze + Non-Fermented cassava 

L*-Lightness, a*-Red/green, b*-Yellow/Blue 
 

This observation could be because the nixtamalization resulted in gelatinization of the maize 

starch, allowing the cooked grains to imbibe the lime solution more readily than the non-

nixtamalized grains, thereby changing the colour of the nixtamalized samples (Canelo-Álvarez et 

al., 2023; Sefa-Dedeh et al., 2004). It was also observed that fermentation made the samples less 

light (darker) than non-fermented samples as can be seen in NXF and NNNF. This is consistent 

with reports by (Chinma et al., 2020) for bread produced from African yam bean flour. Another 

study by other researchers (Amador-Rodríguez et al., 2019) showed that the colour of dry 

nixtamalized maize flours ranged from white to dark yellow, depending on the alkali 

concentration, processing conditions and corn type. This yellowing could be due to the 

concentration of lime imbibed. 

3.7 Effect of nixtamalization and fermentation on the mean sensory scores of fufu produced 

from blends of maize and cassava flour 

The mean sensory scores of the fufu produced showed that nixtamalization and fermentation 

enhanced the product's sensory characteristics as presented in Table 7. The nixtamalized samples 

recorded higher scores for all the sensory parameters than the other samples. This was further 

correlated with the overall acceptability score wherein sample NXNF having the highest score 

(8.15). Therefore panelists preferred nixtamalized samples to fermented samples like NNF. 

Results in this study complement those reported by Nurdjanah et al. (2014) for nixtamalized 

corn-based biscuits. This study also reported higher sensory scores compared to those advanced 

for gluten-free cornbread (Canelo-Álvarez et al., 2023). Other researchers who worked on fufu 

reported acceptable scores as affected by fermentation and other treatments (Akubor, 2019; 

Awolu et al., 2022). The observed sensory attributes indicate that nixtamalization and 

fermentation could be conveniently employed for the production of fufu flour. 
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Table 7 Mean Sensory Scores of fufu produced from blends of Maize and cassava flour 

Attributes 
Mean Score 

NXF NXNF NNF NNNF 

Appearance 7.75ab±0.79 8.25a±0.97 7.30b±0.98 7.60b±0.68 

Aroma 7.45ab±1.28 7.90a±0.97 6.80b±1.15 7.85a±0.81 

Taste 7.50a±1.00 8.15a±0.93 6.55b±1.15 7.50a±1.05 

Texture 7.80a±0.95 8.05a±0.83 6.80b±1.28 7.35ab±1.31 

Moldability 7.75ab±0.97 8.10a±0.72 6.95c±1.23 7.30bc±1.45 

Overall 

acceptability 

7.90ab±0.97 8.15a±0.67 7.00c±0.97 7.40bc±1.05 

Values are means±standard deviation of triplicate determinations. Means across a row with different superscripts 

are significantly different at p<0.05 

NXF-Nixtamalized maize + Fermented cassava, NXNF-Nixtamalized maize + Non-Fermented cassava, NNF-Non-

Nixtamalized maize + Fermented cassava, NNNF-Non-Nixtamalized maze + Non-Fermented cassava 

 

CONCLUSION 

This study demonstrates the transformative potential of nixtamalization and fermentation in 

enhancing the quality of maize and cassava-based fufu. The dual treatments significantly 

improved functional properties such as water absorption and swelling index, increased protein 

and mineral content, and reduced antinutrient levels, while also boosting sensory attributes like 

texture, moldability, and overall acceptability. These results underscore the nutritional and 

sensory advantages of integrating nixtamalization and fermentation into traditional food 

processing practices, offering a sustainable pathway to address dietary deficiencies and improve 

food security. By leveraging these simple yet effective treatments, the production of fufu and 

similar staple foods can be optimized to meet the rising demand for nutritious, functional, and 

consumer-friendly food products. The findings provide a strong basis for adopting these methods 

at both household and industrial levels, with potential to scale production and diversify 

applications in West Africa and beyond. Future research should focus on refining these 

techniques for commercial viability and exploring their impact on a broader spectrum of 

traditional foods. This innovation represents a significant stride toward enhancing the value and 

acceptability of staple diets, contributing to public health and nutritional well-being. 
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