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Abstract 
Background: Cassava peels usually discharged as wastes during cassava processing were found to have good 

nutritional properties, but their high anti-nutrients contents limit their utilization. However, fermentation process 

has greatly contributed to reduce these anti-nutrients and also to enhance the nutritional composition. This study 

explored the nutritional upgrading of three Cameroonian cassava peels, which are usually discarded since they 

have high antinutrients. 

Materials and Methods: Cassava peels of three Cameroonian varieties (Mbongdoux, TME-693 and 01/17/97) 

were naturally fermented for 1,2,3,4 and 7 days, then milled into flour. The resultant flour samples were analyzed 

for their physico-chemical properties. The anti-nutritional, proximate and techno-functional analyses were 

performed using AOAC methods and minerals by atomic absorption spectrophotometry.  

Results: The results showed that fermentation significantly reduced (P<0.05) the hydrogen cyanide and oxalate 

contents of the different flours samples. Proximate analysis showed a decrease in fat, protein and ash contents, 

and an increase in crude fibre with increase in fermentation periods while carbohydrate content was not 

significantly (P<0.05) affected. TME-693 recorded the highest crude fibre content when fermented for 4 days 

(16.89±0.06 %) and 7 days (17.37±0.11%) respectively. Concerning minerals, the variety TME-693 recorded the 

highest calcium, magnesium and zinc contents when fermented for 4 days while the highest potassium, sodium 

and phosphorous contents were recorded by the variety 01/17/97 in the non-fermented flour. For techno-

functional properties, TME-693 showed the highest water absorption capacity and oil absorption capacity when 

fermented for 4 days (454.71±29.10 %) and 7 days (433.77±49.86 %).  

Conclusion: However, the improvement in the nutritional composition and reduction in cyanide content of 

cassava peels flour occurred with increase in fermentation time making the flour samples edible.  
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I. Introduction 
Cassava (Manihot esculenta Crantz) is a root crop rich in starch widely cultivated and consumed as a 

staple food by more than 800 million people in tropical countries 1. The annual production of cassava is estimated 

at 330.33 million tonnes (Mt) in the World, 208.77 Mt in Africa and 6.5 Mt in Cameroon. 2. Due to its high starch 

content, tolerance to drought and poor soil conditions, availability throughout the year and suitability for diverse 

smallholder farming, cassava plays a major role in efforts to eradicate famine in Africa 3. Furthermore, cassava 

acts as a food storage due to its perennial characteristics and greatly contributes to food diary 4.  

Cassava represents the second most important food crop in Cameroon after maize and is cultivated in the 

five agro-ecological zones. Generally, cassava is classified based on its hydrogen cyanide (HCN) content as sweet 

and bitter cultivars 1. The cultivation of cassava is primarily aimed at human consumption, starting from boiling 

the tubers to flour processing, which are essential sources of carbohydrates. The leaves are eaten as vegetables 

and are sources of proteins and vitamins 4. A study by Youchahou et al. (2019) revealed that each Cameroonian 

household consumes about 75kg of cassava annually, and the commonly consumed by-products include: garri, 

fufu, miondo and flour. However, the cultivation of cassava is limited due to the presence of cyanogenic glycosides 

where the most abundant are linamarin and lotaustralin. This toxicity can cause health issues in populations that 

consume large quantities improperly treated cassava such as: goitre, cretinism, ataxic neuropathy 6.  

During the processing of cassava, a high quantity of cassava peels is generated as wastes. These peels constitute 

35% of the tuber weight and are the first by-products derived from cassava processing 7. They are often discharged 
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or dumped as wastes into the environment, leading to cassava wastes disposal problem and environmental 

pollution 8. Furthermore, they can be used, fermented or no for animal feed formulations due to the fact that they 

were found to have appreciable food compositions which is as follows:  total protein 6.24g/100g, crude fibre 

10.88g/100g, crude fat 1.39g/100g and carbohydrate 75.20g/100g 9,10. 11) showed that cassava peels flour have 

good minerals composition. This composition relates to that of cassava flour which is also a crude fibre and 

carbohydrate rich product already consumed through bakery products formulations in the food industry. Despite 

the above appreciable compositions, their high concentrations of HCN limits their utilization. Nevertheless, 

fermentation could be an efficient approach to reducing the HCN content for both industrial and domestic use as 

reported by Adeleke et al., (2017). The biodegradation of peels through fermentation processes might be an 

adequate method of improving the shelf life, texture, aroma, nutritional quality, digestibility and reduce their anti-

nutrients 12. Despite this potential, studies made on cassava peels to our knowledge are limited. This study aims 

at valorizing cassava peels through the production of an edible flour from peels of three cassava varieties from 

Cameroon having acceptable anti-nutrients contents and appreciable nutritional compositions for food 

formulations. 

 

II. Materials and Methods 
Biological material 

Fifty kilograms of cassava roots of three varieties were harvested in March 2024 from a nearby farm in 

Yaoundé town and transported to National Herbarium for identification. The plant material consisted of peels of 

three cassava varieties: two improved varieties (01/17/97) and TME-693 and a local variety Mbongdoux. Of the 

three varieties, (01/1797) and Mbongdoux are sweet varieties while TME-693 is a bitter variety These roots were 

then transported to the Laboratory for Food Science and Metabolism (LabSAM) of the University of Yaoundé 1 

where they were hand peeled. The peels obtained were washed and processed into flour as follows: 

 

Flour production 

The tubers of each cassava variety were peeled by hand using a table knife to remove the two outer layers. 

The skins were collected and the cortex (skin) was separated from the periderm (bark) and washed thoroughly 

several times with distilled water to remove dirt particles and sand. Each variety of cleaned peels was segmented 

into 6 portions. The first portions were non-fermented (Day0), washed, oven (Memmert) dried for 24 hours at 50 

˚C then ground with use of a grinder (Blend-X BLP41.A0WH). The remaining 5 portions were fermented for 1 

day, 2 days, 3 days, 4 days and 7 days respectively. The fermentation process was done by introducing 5Kg of 

washed peels into a container, followed by addition 10L of distilled water at room temperature. After, the 

fermentation period completed, the peels were washed, oven dried for 24h at 50o C. The dried samples were ground 

using a blender to obtain homogeneous samples with a particle size of 250 µm. The production yield was 

calculated and the flours obtained were packaged in polythene plastics to prevent flour rancidity and kept for 

analysis notably the anti-nutrient, proximate, mineral and techno-functional properties. 

 

Anti-nutrients analysis 

The cyanogenic glycosides content was determined daily using the titrimetric method described by 

Horwitz et al. 13 which is based on the hydrolysis of glycosides by orthophosphoric acid with the liberation of 

hydrogen cyanide. Total oxalate content was performed by the oxidation of oxalic acid by KMnO4 in the presence 

of sulphuric acid 14. Phytate content was determined by titration with an iron III solution after acid digestion 15. 

The Saponin content was determined by the difference in weight after solvent extraction. Tannins were analyzed 

using a ferric reagent in an acidic alcoholic medium with gallic acid as a standard 16. 

 

Proximate Analysis 

The moisture content was determined by drying 1g of the flour sample in an electric oven at 105°C to 

constant mass 17. Crude fibre was detected by the successive digestion of 2g of the flour sample with strong acid 

and strong alkaline. The residue obtained was incinerated at 550°C for 2h in a muffle furnace, cooled in a 

desiccator and the difference in weight calculated 17. Crude Protein was determined by the Kjeldahl method to 

obtain the percentage of nitrogen. The formula: protein content = 6.25 × nitrogen (g/100g) in accordance with 

A.O.A.C. 18 was used to calculate the total protein content. The ash content was determined by the method 

described by A.O.A.C. 18 which lies on the complete incineration of organic matter contained in the flour sample 

at 550°C for 6h in a muffle furnace. The lipid content was done by extraction according to the Russian method 

described by Bourely 19. The difference in weight before and after extraction gave the lipid content in the flour 

samples. Carbohydrate content was determined by the differential method of A.O.A.C. 18 which was done by 

summing percentages of the different contents (total protein, total lipid, water content, crude fibre, ash and 

moisture content) and deducted from 100%. 
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Mineral Analysis 

The determination of the minerals (Na, K, Ca, Mg, Fe, Zn, P) was done by atomic absorption 

spectrometry as described by Benton and Vernon 20.  

 

Analysis of techno-functional properties 

The Water Absorption Capacity (WAC) and Oil Absorption Capacity (OAC) were determined as described by 

Sosulski et al. 21. 1g of flour sample was mixed with 10ml of distilled water or soybean oil, kept at ambient 

temperature for 30 minutes and centrifuged for 10 minutes at 2000 g. The value obtained was expressed as % 

water and oil bound per gram of the sample. The bulk density (BD) was determined according to the method of 

Okaka and Potter 22. 50g of flour sample was placed into 100 mL graduated measuring cylinder and tapped 20 to 

30 times, until no observable change in volume. The bulk density was determined as weight per unit volume of 

the sample. Swelling capacity was determined by the method described by Okaka and Potter 22. 5 mL of flour 

sample of known mass was introduced into a measuring cylinder and the volume recorded (V1). Then, 25ml of 

distilled water was added and the mixture homogenised. The mixture was left to stand at room temperature for 2 

hours and the final volume (V2) was recorded.  

 

Statistical analysis 

The data were analysed using IBM/SPSS 20.0 software for Windows and one-way analysis of variance 

(ANOVA) followed by post Hoc Tukey test for flours of the varieties 01/17/97 and Mbongdoux and one sample t 

test for flours of the variety TME-693 to compare averages at 5% threshold level of significance. Data was 

consistently reported based on dry weight (DW) basis of 100g (nutrients). The results of the various tests were 

presented in the form of means ± standard deviation. Microsoft Excel 2016 software was used for calculations 

and graphical representations.  

 

III. Results and Discussion 
Moisture content of flours from peels of three cassava varieties 

The moisture content of our flour samples is presented in Table 1 below. The moisture content ranged from 

6.44±0.25% to 9.24±0.65 %; 7.14±0.75% to 9.57±0.09 % and 6.32±0.33% to 7.86±0.00% respectively for 

Mbongdoux, TME-693 and 01/17/971. Relatively higher moisture contents were registered by the varieties 

Mbongdoux and TME-693 on day1 (9.24±0.65 %) and day7 (9.57±0.09%) respectively. 

 

Table 1: Moisture content of flour from peels of three cassava varieties (%) 

The values with different letters subscripts in the same row of the same variety are significantly different (p<0.05). 

Day0: non-fermented peel, Day1: peels fermented for one day, Day2: peels fermented for two days, Day3: peels 

fermented for three days, Day4: peels fermented for four days, Day: peels fermented for seven days 

 

Anti-nutrient  

The effect of fermentation on the HCN contents of the different flour samples in g/100g dry weight are showed 

in Table 2.  

It could be seen that fermentation significantly affected the HCN contents of flours of different varieties. In 

general, the total HCN content decreased as fermentation time increased. The HCN content ranged from 24.35 ± 

0.00 to 6.05±0.28 mg/kg; 44.19 ± 0.58 to 8.36 ± 0.00 mg/kg and 6.62 ± 0.28 to 2.04 ± 0.29 mg/kg for the varieties 

Mbongdoux, TME-693 and 01/17/97 respectively. Cyanide content is a limiting factor for the utilization of the 

cassava plant, necessitating thorough processing before consumption. Fermentation contributes to the reduction 

in HCN content in food. The decrease in the HCN content might be related to the fact that during fermentation, 

the cyanogenic glucoside linamarin is hydrolyzed under the action of the enzyme linamarase into HCN and 

acetone which are soluble and volatile compounds 23. Youchahou et al. 5 in their study obtained similar results 

when spontaneously fermented cassava for the production of traditional products. These values are online with 

WHO legislation who recommends the level of safety of HCN in cassava flour at 10mg/Kg making our flour 

samples suitable for consumption 24. It is on this basis that flours samples whose cyanide contents were above this 

limit were put aside and the rest kept for further analysis. These flour samples were named Day3, Day4 and Day7 

for the variety Mbongdoux, Day4 and Day7 for TME-693 and Day0, Day1, Day2, Day3, Day4 and Day7 for 

TME-693. 

 Day0 Day1 Day2 Day3 Day4 Day7 

Mbongdoux 6.87±0.49a 9.24±0.65b 6.44±0.25a 7.16±0.39a 7.62±0.35ab 6.39±0.12a 

TME-693 7.14±0.75a 8.9±0.4bc 8.57±.50bc 8.79±0.59bc 7.67±0.19 ab 9.57±0.09c 

01/17/97 6.32±0.33a 6.77±0.01ab 7.52±0.15cd 7.28±0.29c 7.86±0.00d 7.56±0.09cd 
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Table 2: effect of fermentation on the HCN content of flour from peels of three cassava varieties (mg/kg) 

expressed in g/100g dry weight 

Cyanide (mg/kg DM) 

 Day0 Day1 Day2 Day3 Day4 Day7 

Mbongdoux 24.35 ± 0.0f 22.9 ± 0.29e 12.12 ± 0.00d 8.43 ± 0.29b 7.2 ± 0.29c 6.05 ± 0.28a 

TME-693 44.19 ± 0.58e 32.89 ± 2.07d 26.28 ± 0.88c 15.09 ± 0.29b 8.77 ±0.00a 8.36 ± 0.00a 

01/17/97 6.62 ± 0.28d 6.08 ± 0.28d 4.96 ± 0.29c 3.78 ± 0.29b 3.22 ±0.29b 2.04 ± 0.29a 

The values with different letters subscripts in the same row of the same variety are significantly different (P<0.05). 

Day0: non-fermented peel, Day1: peels fermented for one day, Day2: peels fermented for two days, Day3: peels 

fermented for three days, Day4: peels fermented for four days, Day7: peels fermented for seven days. 

The oxalate, phytic acid, tannin and saponin contents of flours produced from the peels of three cassava varieties 

expressed in mg/100g of dry weight (Table 3).  

 

The results obtained showed that fermentation significantly affected the contents of these anti-nutrients 

(P<0.05) with the exception of phytic acid. For the variety Mbongdoux, oxalates significantly decreased from 

Day3 to Day4 (0.17± 0.01 to 0.09 ± 0.02 g/100g) with no significant decrease observed in Day7. Saponins content 

ranged from 0.2±0.00 to 0.29±0.00 g/100g from Day3 to Day7 while the tannins significantly reduced (P<0.05) 

at early fermentation when we leave from Day3 to Day4: (15.38±0.08 to 9.76±0.03 mg/100g), but later doubles 

when fermentation was prolonged to Day7 (17.32±0.10mg/100g). For the variety TME-693, there was no 

significant difference observed in oxalates, phytic acid and saponins contents while tannins significantly increased 

(P<0.05) from Day4 to Day7; 23.34 ± 0.10 to 40.70 ± 0.05 mg/100g. Concerning the variety 01/17/97, oxalate 

content significantly reduced from Day0 to Day7; 0.47 ± 0.03 to 0.13 ± 0.00  g/100g. No significant difference 

was registered for phytic acid, while saponins content reduced from Day0 to Day7; (0.24±0.04 to 0.01±0.00 

g/100g) and the tannins contents significantly reduced (P<0.05) from Day0 to Day7; (32.67±0.07 to 21.10±0.04 

mg/100g). There was a significant decrease in oxalate content among flour samples from different varieties, 

possibly due to leaching losses in the fermentation medium during steeping. High ingestion of oxalate can hinder 

the absorption of soluble divalent ions such as Ca2+, Zn2+, and Fe2+, as oxalate binds to these ions to form insoluble 

complexes, thereby reducing their bioavailability and potentially leading to mineral deficiencies 25,26. The 

physiological tolerance level for oxalate being 2 to 5g/day 27. The oxalate contents of our flour samples were well 

below these values, indicating their safety for consumption. There was no significant difference among flours of 

different varieties regarding phytate content. Phytic acid can bind to divalent ions such as magnesium, calcium, 

iron, zinc, and molybdenum, leading to micronutrient deficiencies. It also forms stable bonds with proteins and 

inhibits the activity of certain enzymes such as amylases and proteases 28.  The daily recommended intake for 

phytate is fixed at 2000 to 2600 mg/day 29. The phytic acid content of our flour samples was well below these 

values, ensuring their safety for consumption. Saponin content ranged from 0.01 ± 0.00 to 0.34 ± 0.04 g/100g. 

This is primarily because saponins are soluble in water and therefore leach into the liquid medium (water) during 

the fermentation process 30. The tannin content was found to decrease at early fermentation and significantly 

increase at longer fermentation periods. This increase may be attributed to the hydrolysis of phenolic compounds 

into simpler forms by the enzyme polyphenol oxidase during fermentation, thereby releasing free nutrients 31. The 

safety limit of consumption for tannins being 560 mg/day, the tannins contents of the flour samples are well below 

this value. This makes the flour samples safe for consumption 32. 

 
Table 3: Effect of fermentation on the anti-nutritional factors (oxalates, phytic acid, tannins and saponins) of 

flours from peels of three different varieties expressed in mg/100g dry weight 

Variety Time (days) Oxalates (mg/100g) Phytates (mg/100g) Saponins (mg/100g) Tannin (mg/100g) 

Mbongdoux 

Day3 0.17± 0.01a 0.04±0.00a 0.2±0.00a 15.38±0.08b 

Day4 0.09 ± 0.02b 0.19±0.05a 0.25±0.04ab 9.76±0.03a 

Day7 0.09 ± 0.00b 0.04±0.00a 0.29±0.00c 17.32±0.10c 

TME-693 
Day4 0.27 ± 0.01a 0.06±0.02a 0.01±0.00a 23.34±0.10b 

Day7 0.25 ± 0.01a 0.05±0.01a 0.02±0.00a 40.70±0.05a 

01/17/97 
Day0 0.47 ± 0.03a 0.04±0.00a 0.2±0.00b 32.67±0.07f 

Day1 0.33 ± 0.00b 0.04±0.00a 0.24±0.04bc 31.19±0.04e 
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Day2 0.19 ± 0.00c 0.04±0.00a 0.34±0.04c 30.75±0.05d 

Day3 0.18 ± 0.00c 0.04±0.00a 0.34±0.04c 24.31±0.00b 

Day4 0.16 ± 0.00cd 0.06±0.02a 0.01±0.00a 28.22±0.04c 

Day7 0.13 ± 0.00d 0.04±0.00a 0.01±0.00a 21.10±0.04a 

The values with different letters subscripts in the same row of the same variety are significantly different (P<0.05). 

Day0: non-fermented peel, Day1: peels fermented for one day, Day2: peels fermented for two days, Day3: peels 

fermented for three days, Day4: peels fermented for four days, Day7: peels fermented for seven days. 

 

Proximate analysis 

The following Table 4 represents the proximate analysis of flours produced from the peels of three cassava 

varieties. The moisture, protein, lipid, crude fibre, ash and carbohydrate contents of the different fermented flours 

expressed in g/100g dry weight.  

Fermentation significantly affected these different contents amongst flours of different varieties. The 

highest moisture content was recorded in the variety TME-693 when fermented for 7 days (9.57±0.09%). The 

protein content reduced from Day3 to Day4; 1.14 ± 0.19 to 0.84 ± 0.01 g/100g then after wards increased when 

fermentation is prolonged to Day7; 1.18 ± 0.02. The lipid content reduced with an increase in fermentation time 

from Day3 to Day7; 2.7 ± 0.00 to 1.27 ± 0.09 g/100g. As for crude fibre, a significant increase (P<0.05) was 

registered as fermentation increased from Day3 to Day4; 4.58 ± 0.05 to 4.8 ± 0.05 g/100g then later on decreased 

to 2.76 ± 0.03 g/100g in Day7. There was no significant difference in the ash contents of flour samples. 

Carbohydrates on the other hand, significantly increased as fermentation time increased from Day3 to Day7; 83.13 

± 0.18 to 87.17 ± 0.17 g/100g. The energy value ranged from 356.40 to 363.82 kcal.  

For the variety TME-693, protein content showed no significant difference (P<0.05) between the flour 

samples. Lipid, ash and carbohydrate contents significantly reduced (P<0.05) as fermentation increased from 

Day4 to Day7 2.34 ± 0.01 to 1.69 ± 0.29 g/100g; 1.90 ± 0.12  to 1.57 ± 0.06 g/100g; and 68.69 ± 0.18 to 66.10 ± 

0.35 g/100g respectively. The energy level reduced as fermentation periods increased from Day4 to Day7 300.29 

to 284.09 kcal.  

For the variety 01/17/97, the protein content significantly (P<0.05) reduced from non-fermented flour 

(Day0); 1.88 ± 0.02 g/100g to flour fermented for 4 days (Day4); 1.06 ± 0.00 g/100g then afterwards increased 

when fermentation was prolonged to day 7 (Day7); 1.80 ± 0.01 g/100g. On the other hand, the lipid content 

significantly decreased (P<0.05) from non-fermented flour (Day0); 3.55 ± 0.00 g/100g to fermented flour (Day7); 

0.39 ± 0.00 g/100g respectively. Crude fibre on its own tends to increase as fermentation increased, that is from 

Day0 to Day7 crude fibre content ranged from 5.10 ± 0.04 g/100g to 6.19 ± 0.03 g/100g respectively. The ash 

content also decreased with increase in fermentation time from Day0 to Day7; 4.03 ± 0.03 to 1.22 ± 0.17 g/100g 

respectively.  Carbohydrates on the other hand increased from non-fermented flour to fermented flours with values 

ranging from 80.45 ± 0.06 to 83.02 ± 0.12 g/100g respectively. The energy value for this variety ranged from 

360.86 to 342.36 kcal respectively for non-fermented to fermented (Day7) flours. The moisture content is a 

measure of the quantity of water present in a material. The moisture content in our flours samples ranged from 

6.39±0.12 to 7.62±0.35 %; 7.67±0.19 to 9.57±0.09 % and 6.32±0.33 to 7.86±0.00 respectively for Mbongdoux, 

TME-693 and 01/17/971. Low moisture content of flour is very important as regard its shelf life, storage ability 

through the reduction in the development of microorganisms 33. The analysis revealed that the protein content, 

expressed in g/100g dry matter (DM), decreased from 1.14 to 0.84 g/100g from Day3 to Day4, then increased to 

0.96 g/100g in Day7 for the Mbongdoux variety. A similar trend was observed for the variety 01/17/97, where the 

protein content decreased from 1.88 to 1.06 g/100g from Day0 to Day4, and then increased to 1.80 g/100g in 

Day7. The increase in protein content towards the end of fermentation may be due to an increase in microbial 

biomass involved in the fermentation process 34. Crude fibre content showed a general increase with longer 

fermentation times. TME-693 had the highest crude fibre content, registering 16.89 g/100g for flour samples 

fermented for 4 days and 17.37 g/100g for 7 days. Mbongdoux and 01/17/97 varieties showed slightly similar 

crude fibre values ranging from 4.58 to 4.80 and 5.10 to 6.19 g/100g, respectively. This increase could be 

explained by the fact that during fermentation there was hydrolysis of carbohydrates into fibres 34. Indeed, fibres 

are indigestible components of food, also known as roughage. Our flour samples, rich in fibre, can be 

recommended for patients with metabolic diseases such as diabetes. Karimu and Seyifunmi 35 obtained similar 

results for cassava flour. Ash content serves as a rough measure of the inorganic mineral content in samples. The 

ash content generally decreased with longer fermentation times for the variety 01/17/97, decreasing from 1.41 to 

1.07 g/100g for Day3 and Day4, then increasing to 1.41 g/100g in Day7 for the Mbongdoux variety. For TME-

693, ash content increased from 1.41 g/100g to 3.19 g/100g for Day4 and Day7, respectively. These findings align 

those of Touzou et al. (2018) 26 who also observed decreased ash content in their flour samples after fermentation. 

The decrease in ash content may be attributed to fermentation metabolites utilizing essential salts initially present 

in cassava peels for their metabolic activities 26. Additionally, during fermentation, some water-soluble minerals 
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may have leached into the fermentation medium 31.  Fat content in flour samples from different cassava peel 

varieties decreased with longer fermentation times, with lipid content ranging from 2.7 to 1.27 g/100g DM for 

Mbongdoux, 2.34 to 1.69 g/100g DM for TME-693, and 3.55 to 0.39 g/100g DM for 01/17/97. The decrease in 

fat content may be due to lipid hydrolysis into fatty acids, as well as predigestion of lipids by various enzymes 

involved in digestion 36. Moreover, this low-fat content could contribute to extending the shelf life of the flour 

samples by reducing the likelihood of rancidity. The hydrolysis of lipids contributes toward reducing the 

concentration of lipids susceptible to oxidation through the formation of free fatty acids, thus making the 

environment more acidic and reducing the effectiveness of pro-oxidation pathways due to the formation of free 

fatty acids that can largely be removed through fermentation 37 .The decrease in the carbohydrate content from 

68.69 g/100g to 66.10 g/100g might be associated with the fact that they were used as substrate by micro-

organisms during fermentation 31. 

 

Table 4: Effect of fermentation on the proximate analysis of flours produced from peels of three cassava 

varieties (g/100g DW) 
Variety TIME 

(days) 

 Moisture 

(%) 

Proteins 

(g/100g) 

Lipids 

(g/100g) 

Crude Fibres 

(g/100g) 

Ash (g/100g) Carbohydrates 

(g/100g) 

Mbongdoux 

DAY3 7.16±0.39a 1.14 ± 0.19e 2.7 ± 0.00c 4.58 ± 0.05b 1.00 ± 0.16a 83.13 ± 0.18a 

DAY4 7.62±0.35ab 0.84 ± 0.01a 2.1 ± 0.00b 4.8 ± 0.05c 1.10 ± 0.08a 83.51 ± 0.16a 

DAY7 6.39±0.12a 0.96 ± 0.00b 1.27 ± 0.09a 2.76 ± 0.03a 1.18 ± 0.00a 87.17 ± 0.17b 

TME-693 

DAY4 7.67±0.19 ab 1.18 ± 0.02a 2.34 ± 0.01a 16.89 ±0.06b 1.90 ± 0.12b 68.69 ± 0.18a 

DAY7 9.57±0.09c 1.21 ± 0.01a 1.69 ± 0.29b 17.37 ±0.11a 1.57 ± 0.06a 66.10 ± 0.35b 

01/17/97 

DAY0 6.32±0.33a 1.88 ± 0.02e 3.55 ± 0.00e 5.10 ± 0.04a 2.67 ± 0.00d 80.45 ± 0.06a 

DAY1 6.77±0.01ab 1.87 ± 0.00e 2.73 ± 0.19d 5.44 ± 0.03b 4.03 ± 0.03 81.58 ± 0.11b 

DAY2 7.52±0.15cd 1.59 ± 0.00c 1.39 ± 0.19c 5.67 ± 0.05c 3.19 ± 0.16 81.89 ± 0.05c 

DAY3 7.28±0.29c 1.00 ± 0.00a 0.98 ± 0.00b 5.92 ± 0.06d 1.41 ± 0.11b 83.61 ± 0.06e 

DAY4 7.86±0.00d 1.06 ± 0.00b 0.58 ± 0.00a 6.17 ± 0.00e 1.07 ± 0.10a 83.20 ± 0.08d 

DAY7 7.56±0.09cd 1.80 ± 0.01d 0.39 ± 0.00a 6.19 ± 0.03e 1.22 ± 0.17ab 83.02 ± 0. 12d 

The values with different letters subscripts in the same row of the same variety are significantly different (P<0.05). 

Day0: non-fermented peel, Day1: peels fermented for one day, Day2: peels fermented for two days, Day3: peels 

fermented for three days, Day4: peels fermented for four days, Day7: peels fermented for seven days. 

 

Mineral composition 

Table 5 presents some minerals (Na, K, Ca, Mg, P, Fe, Zn) contents of the different flour samples expressed in 

mg/100g of dry weight. 

The results obtained showed that different minerals of the different flour samples were significantly 

(P<0.05) affected by the fermentation process. The Na, K, Ca and Fe contents decreased with increase in 

fermentation time for flours of the three varieties. Furthermore, the variety TME-693 registered the highest Ca 

(144.65 ± 0.1 mg/100g), Mg (105.36 ± 5.97 mg/100g) when fermented for 4 days and Zn (3.92 ± 0.53 mg/100g), 

Fe (19.55 ± 0.19 mg/100g) contents when fermented for 7 days while the highest K (735.28 ± 0.02 mg/100g), Na 

(138.54± 0.04 mg/100g) and P (62.18 ± 0.00 mg/100g) contents was registered by the variety 01/17/97 for the 

non-fermented flour (Day0) on dry matter basis. The mineral content was significantly (P<0.05) affected by 

fermentation. We observed a general decrease in Na, K, and Ca contents as fermentation periods increased for 

flours of each variety. This reduction in mineral content may be due to leaching into the water used during 

processing and also because these minerals serve as nutrient sources for microbes during their growth 26. Calcium, 

the most abundant mineral in the human body, contributes to the formation of strong bones and teeth. A diet rich 

in calcium strengthens the body and vital organs. Recommended daily calcium intakes are 200 to 300 mg for 

children and 1000 to 3000 mg for adults 38. These values exceed the calcium content of flour samples, with the 

highest content being 144.65 ± 0.1 mg/100g DM recorded in Day4 of the variety TME-693. Potassium is essential 

for protein and carbohydrate metabolism. The recommended daily intake of potassium is 3.4g  38. The highest 

potassium content registered was 735.28 mg/100g, which is lower than the recommended daily intake but still 
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makes the flour sample a moderate source of potassium. The non-fermented flour samples of the variety 01/17/97, 

registered the highest potassium content at 735.28 mg/100g. Sodium, relatively abundant and vital in the human 

body, participates in acid-base balance and the proper functioning of the neuromuscular system. Since the body 

does not synthesize sodium, its main source is dietary intake, typically as sodium chloride. The recommended 

daily intake of sodium for adults is 1500 mg 39. The highest sodium content we obtained was 138.54 mg/100g in 

the non-fermented flour samples of the variety 01/17/97. Moderate values of magnesium, ranging from 21.11 to 

105.36 mg/100g, were recorded in our flour samples across the three varieties. Magnesium, abundant in human 

bones, regulates the nervous system's mental and emotional functions. Daily magnesium requirements are 

estimated at 350 mg 38. The highest content was recorded in variety TME-693 variety when fermented for 7 days 

(105.36 mg/100g). Iron content ranged from 9.53 to 19.55 mg/100g in our flour samples. Iron is crucial for 

producing hemoglobin in red blood cells, smooth muscle function, and cell-mediated immunity. The highest iron 

content, 19.55 mg/100g, was recorded in the variety TME-693 variety when fermented for 7 days. Zinc had the 

lowest content among all analyzed minerals. Generally, an increase in zinc content was observed with longer 

fermentation periods, possibly due to reduced phytate hydrolyzed during fermentation. Zinc content ranged from 

1.45 to 3.92 mg/100g. It is an essential element absorbed from food, acting as an antioxidant to counteract the 

harmful effects of free radicals. The recommended dietary intake for zinc varies between 3-12mg/day 40. The 

highest zinc content recorded by the variety TME-693 when fermented for 7days (3.92 mg/100g). Phosphorus 

content in our flour samples ranged from 24.82 to 62.18 mg/100g. Phosphorus is vital for bone and teeth formation 

and is involved in metabolic pathways for ATP energy production and enzyme activation. The highest phosphorus 

content observed was 62.18 mg/100g in the variety 01-17-97 when no-fermented.  

 

Table 5: Effect of fermentation on the mineral contents (Na, K, Ca, P, Zn Mg and Fe) of flours from peels of 

three cassava varieties at varied fermentation time (mg/100g) dry weight 

The values with different letters subscripts in the same row of the same variety are significantly different (P<0.05). 

Day0: non-fermented peel, Day1: peels fermented for one day, Day2: peels fermented for two days, Day3: peels 

fermented for three days, Day4: peels fermented for four days, Day7: peels fermented for seven days. 

 

Techno-functional Properties 

Results of some techno-functional properties (Water absorption capacity, Oil absorption capacity, swelling 

capacity and bulk density) of flour samples of different varieties at varied fermentation time are presented in table 

6 below.  

Concerning the variety Mbongdoux, the techno-functional properties were not significantly (P > 0,05) 

affected by fermentation with the exception of swelling capacity. The values ranged from 203.99 ± 8.00 to 220.9 

± 1.30 % and 194.03 ± 9.00 to 158.38 ± 37.45 % and 0.40 ± 0.01 to 0.42 ± 0.04 %. from Day3 to Day7 respectively. 

Concerning swelling capacity, a significant increase (P<0.05) was observed from Day3 to Day4: 1.34 ± 0.01 to 

1.7 to 0.02 mg/L then significantly (P<0.05) drop to Day7; 1.42 ± 0.02 mg/L. The variety TME-693, registered 

the highest water and oil absorption capacities when fermented for 4 and 7 days respectively with values ranging 

VARIETY TIME (days) Na K Ca Mg Fe Zn P 

Mbongdoux 

  

Day3 114.39± 0.10a 299.56± 0.20c 18.45± 0.05c 21.11±1.48a 9.53±0.14b 1.45±0.19a 55.94±0.00c 

Day4 120.15± 0.13c 261.68 ± 0.03b 14.96 ± 0.05b 25.09±3.79e 10.41±0.07c 1.64±0.21a 24.82±0.06a 

Day7 116.23 ± 0.18b 242.2 ± 0.05a 2.68 ± 0.10a 33.05±1.92a 8.9 ± 0.06a 1.76±0.22a 34.35±0.00b 

TME-693  

Day4 126.81 ± 0.03a 360.46 ± 0.40a 144.65 ± 0.1a 105.36±5.97a 19.16±0.15a 3.45±0.44a 57.53±0.00a 

Day7 112.91± 0.01b 261.34± 0.39b 92.02 ± 0.02b 88.49 ± 6.88b 19.55±0.19a 3.92±0.53a 58.03±0.00a 

01/17/97 

 

 

 

  

Day0 138.54± 0.04f 735.28 ± 0.02f 43.42 ± 0.07f 60.82 ± 4.1c 15.61±0.01f 1.82±0.21a 62.18±0.00b 

Day1 123.12± 0.02e 336.43 ± 0.11e 42.94 ± 0.03e 105.36 ± 4.5b 11.58±0.09c 1.49 ± 0.1c 50.15±0.01b 

Day2 120.16± 0.07d 324.00 ± 0.01d 40.91 ± 0.02d 88.49 ± 5.58b 9.04 ± 0.03a 1.46±0.19bc 50.55±0.00b 

Day3 109.16± 0.0c 165.78 ± 0.02c 35.84 ± 0.04c 56.14 ± 3.8a 10.10±0.00b 1.67± 0.21c 34.57±0.01a 

Day4 109.16± 0.0c 158.39 ± 0.04b 22.91 ± 0.01b 66.00 ± 1.00c 14.52±0.02g 1.82± 0.24b 28.30±0.00a 

Day7 96.86± 0.24a 134.67 ± 0.15a 11.49 ± 0.01a 63.31±1.63ab 13.36±0.03d 1.57± 0.21b 50.48±0.00b 
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from 454.71 ± 29.10 to 433.77 ± 49.86 % and 236.83 ± 25.50 to 249.27 ± 25.50 % respectively. For the variety 

01/17/97, water absorption capacity significantly reduced at early fermentation from Day0 to Day1; 253 ± 15.54 

%.  Then afterward significantly increased to Day3; 238.52 ± 1.77%. No significant difference (P<0.05) was 

observed from Day3 to Day7. On the other hand, there was no significance difference (P<0.05) for the oil 

absorption capacity. The bulk density significantly decreased (P<0.05) from 0.55 ± 0.00 to 0.38 ± 0.03 g/Cm3 as 

fermentation time increased from Day0 to Day7. Swelling capacity on the other hand significantly decreased 

(P<0.05) from Day0 to Day1; 2.21 ± 0.07 to 1.84 ± 0.03 mg/L and afterwards increases when fermentation is 

prolonged to Day7; 2.15 ± 0.05 mg/L. Functional properties are essential physicochemical characteristics of foods 

that reflect interactions between structures, molecular conformation, composition, and physicochemical properties 

of food components with environmental conditions 41. Water Absorption Capacity (WAC) represents the ability 

of a product to associate with water under limited water conditions 42. The variety TME-693 recorded the highest 

WAC content 454.71 when fermented for 4 days. These values exceed those reported by Suresh and Smasher 41 

who had values of 140 ± 12.25 and 192 ± 10.95 for wheat and rice flours respectively. The high WAC in TME-

693 may be associated with its high crude fibre content, which has a strong binding capacity with water 41. The 

high WAC of our flour samples makes them useful ingredients in food preparations such as baked products 43. Oil 

Absorption Capacity (OAC) was highest in flour sample of the variety TME-693 (249.27%) and lowest in flour 

sample of the variety 01/17/97 (155.83%) for flours fermented for 7 and 3 days, respectively. These values exceed 

those reported by Suresh and Smasher 41 for potato flour, which was 168 ± 10.95%, in their study assessing the 

functional properties of different flours. Oil absorption capacity is primarily related to the physical capture and 

binding of fat to protein. The increase in oil absorption capacity of the flour samples may help maintain and 

improve the mouthfeel of bakery products 43. Bulk density is a measure of heaviness of a flour sample 44. The bulk 

density was significantly (P<0.05) affected by fermentation. The highest and lowest values of bulk density was 

recorded by the non-fermented flour 0.55 (g/ml) and flour fermented at Day7 (0.38 g/ml) of the varieties 01/17/97 

and TME-693 respectively. Variation in the bulk density of foods could be due to differences in starch content. 

Low bulk density of flour is suitable for food formulations and many bakery products. These values align with 

those reported by Yapi et al. 45 who found a bulk density of 0.54 g/ml in nudsedge.  Swelling capacity indicates 

the ability of starch to absorb water molecules and swell and is considered a quality measure in food products 

such as bakery products.  Swelling capacity of flours depends on particle size, variety types, and processing 

methods or unit operations 46. 

 

Table 6: Effect of fermentation on techno-functional properties of flours produced from three cassava varieties. 

The values with different letters subscripts in the same row of the same variety are significantly different (P<0.05). 

Day0: non-fermented peel, Day1: peels fermented for one day, Day2: peels fermented for two days, Day3: peels 

fermented for three days, Day4: peels fermented for four days, Day7: peels fermented for seven days. WAC: water 

absorption capacity; OAC: Oil absorption capacity; BD: Bulk density; SC: Swelling capacity 

 

Conclusion 

The results obtained revealed that fermentation process significantly reduces the anti-nutritional factors 

(HCN, Saponins and Oxalates) acceptable limits. Also, flour samples are rich in carbohydrates and crude fibre 

making them good energy sources, as well as containing some minerals like K, Mg and Na. Lastly the flour 

Variety Time (days) WAC (%) OAC (%) BD (g/cm3) SC (mg/L) 

Mbongdoux 

  

DAY3 203.99 ± 8.00a 194.03 ± 9.00a 0.42 ± 0.04a 1.34 ± 0.01a 

DAY4 220.9±1.30a 167.3 ± 28.31a 0.42 ± 0.01a 1.7 ± 0.02c 

DAY7 216.93±17.83a 158.38±37.45a 0.4 ± 0.01a 1.42±0.02b 

TME-693  

DAY4 454.71±29.10a 236.83±25.50b 0.51 ± 0.00a 1.64 ± 0.03a 

DAY7 433.77 ± 49.86a 249.27 ± 25.50b 0.38 ± 0.00b 0.53 ± 0.01b 

01/17/97 

 

 

 

  

DAY0 253.97±15.54c 148.08±32.31a 0.55 ± 0.00d 2.21 ± 0.07b 

DAY1 207.16±1.70a 165.91±26.74a 0.5 ± 0.01cd 2.15± 0.02b 

DAY2 239.52± 1.77bc 165.16±26.74a 0.46 ± 0.01bc 1.76 ± 0.02a 

DAY3 220.23±4.79bc 155.83 ±6.84a 0.41 ± 0.02ab 1.84 ± 0.02a 

DAY4 246.85 ± 9.37c 174.2 ± 41.48a 0.39 ± 0.00a 1.84 ± 0.03a 

DAY7 241.3 ± 3.33 214.39 ± 3.13b 0.38 ± 0.03a 2.15 ± 0.05b 
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samples exhibit good techno-functional properties (WAC and OAC) which makes them suitable for use in the 

food industry for food formulations. 

 

REFERENCE 
[1] Heu, A.; Ngome, A.; Ambang, Z.; Mboussi, S. Screening of Local Cassava (Manihot Esculenta Crantz) Varieties for Resistance to 

Cassava Mosaic Virus in the Bimodal Rainfall Zone of Cameroon. 2018. 

[2] Food and Agriculture Organization of the United Nations (FAO). Crops and livestock products. 

https://www.fao.org/faostat/en/#data/QCL/metadata (accessed 2024-07-02). 

[3] Osuafor, O.; Obianefo, C. A.; Beauty, D. FOOD SECURITY AND POVERTY STATUS OF CASSAVA PROCESSORS IN AWKA 

NORTH LOCAL GOVERNMENT AREA OF ANAMBRA STATE OF NIGERIA. 2020, 41, 1–16. 

[4] Babatunde, O.; Salami, A.; Oriola, E. Variation in Cassava Yield Cultivated on Ferralsols and Ferruginous Soils in Kwara State, 

Nigeria. Int. J. Multidiscip. Stud. 2022, 9, 1–10. https://doi.org/10.4038/ijms.v9i2.160. 

[5] Youchahou, N. N.; Kansci, G.; Pauline, M.; Kenfack-zanguim, M.; Nyegue, M. Influence of Cultivars and Processing Methods on the 

Cyanide Contents of Cassava (Manihot Esculenta Crantz) and Its Traditional Food Products. Sci. Afr. 2019, 5, e00119. 
https://doi.org/10.1016/j.sciaf.2019.e00119. 

[6] Deffan, Z. A. B.; Yapi, J. C.; Deffan, K. P.; Diomande, M. Effet de la conservation des tubercules de manioc (Manihot esculenta) sur 

le taux d’acide cyanhydrique des pulpes | Agronomie Africaine. https://www.ajol.info/index.php/aga/article/view/224816 (accessed 
2024-09-23). 

[7] Adeleye, O. O.; Fagbenro, O. V.; Farinuola, E. K.; Ojeniyi, M. O.; Tewe, O. O. Determining the Metabolizable Energy Value of High 

Quality Cassava Peels in Roosters by a Regression Method. Niger. J. Anim. Sci. 2021, 23 (2), 213–221. 

[8] Olowoyeye, J.; Agbede, J.; Igbasan, F.; Oloruntola, O. D.; Ayeni, A. Effect of Replacing Maize with Cassava Peel-Leaf Mixture on 

Growth Performance of Broiler Chickens. Livest. Res. Rural Dev. 2019, 31. 

[9] Ekong, P. G.; Useh, M. U.; Udosen, M. M. Assessment of Fermented and Unfermented Cassava Peels as a Substitute for Animal Feed. 

Afr. Mediterr. Agric. J. - Al Awamia 2025, No. 148, 87–97. https://doi.org/10.34874/IMIST.PRSM/afrimed-i148.55961. 

[10] Otache, M.; Ubwa, S.; Godwin, A. Proximate Analysis and Mineral Composition of Peels of Three Sweet Cassava Cultivars. Asian J. 

Phys. Chem. Sci. 2017, 3, 1–10. https://doi.org/10.9734/AJOPACS/2017/36502. 

[11] Etukudo, M. M.; Osim, S. E.; Egbe, A. ASSESSMENT OF FRESH AND DRY CASSAVA PEELS FOR NUTRIENTS POTENTIALS 

ON GROWTH OF Telfairia Occidentalis HOOK IN TROPICAL SOIL. J. Adv. Sci. Res. 2016, 7 (01), 49–52. 

[12] Adeleke, B.; Akinyele, B.; Olaniyi, O.; Jeff-Agboola, Y. Effect of Fermentation on Chemical Composition of Cassava Peels. Asian J. 

Plant Sci. 2017, 7, 31–38. 

[13] Horwitz; William; lit,  ed; Chemists, A. Official Methods of Analysis of AOAC International. Volume I, Agricultural Chemicals, 

Contaminants, Drugs / Edited by William Horwitz. 1995. 

[14] Aina, V. O.; Sambo, B.; Zakari, A.; Haruna, M. S. H.; Umar, H.; Akinboboye, R. M.; Mohammed, A. Determination of Nutritional 

and Anti-Nutrient Content of Vitis Vinifera (Grapes) Grown in Bomo (Area C) Zaria, Nigeria. 2012. 

[15] Olaleye, L. D.; Owolabi, B. J.; Adesina, A. O.; Isiaka, A. A. Chemical Composition of Red and White Cocoyam (Colocosiaesculenta) 

Leaves. Int. J. Sci. Res. IJSR 2013, 2, 121. 

[16] Ndhlala, A. R.; Kasiyamhuru, A.; Mupure, C.; Chitindingu, K.; Benhura, M. A.; Muchuweti, M. Phenolic Composition of Flacourtia 

Indica, Opuntia Megacantha and Sclerocarya Birrea. Food Chem. 2007, 103 (1), 82–87. 
https://doi.org/10.1016/j.foodchem.2006.06.066. 

[17] AOAC. Full text of “AOAC: Official Methods of Analysis (Volume 1).” 

https://archive.org/stream/gov.law.aoac.methods.1.1990/aoac.methods.1.1990_djvu.txt (accessed 2024-09-23). 

[18] Horwitz, W. Official Methods of Analysis of the Association of Official Analytical Chemists (AOAC), 13th ed.; Washington, D.C.: 

AOAC, 1980. 

[19] Bourely, J. Observations sur le dosage de l’huile des graines de cotonnier. 1982. 

[20] Benton, J. J.; Vernon, W. C. Sampling, handling and analyzing plant tissue samples. In R. L. Westerman (ED) soil testing and plant 

analysis (3rded). SSSA Book Series. N°3, 784p. Wiley.com. https://www.wiley.com/en-
us/Soil+Testing+and+Plant+Analysis%2C+3rd+Edition-p-9780891188629 (accessed 2024-09-23). 

[21] Sosulski, F.; Humbert, E. S.; Bui, K.; Jones, J. D. FUNCTIONAL PROPRETIES OF RAPESEED FLOURS, CONCENTRATES 

AND ISOLATE. J. Food Sci. 1976, 41 (6), 1349–1352. https://doi.org/10.1111/j.1365-2621.1976.tb01168.x. 

[22] Okaka, J. C.; Potter, N. N. Physico-Chemical and Functional Properties of Cowpea Powders Processed to Reduce Beany Flavor. J. 

Food Sci. 1977, 44 (4), 1235–1240. https://doi.org/10.1111/j.1365-2621.1979.tb03488.x. 

[23] Maciel, A.; Pena, R.; Nascimento, L.; Oliveira, T.; Chagas-Junior, G.; Lopes, A. Health Exposure Risks and Bioremediation of 

Cyanide in Cassava Processing Effluents: An Overview. J. Water Process Eng. 2023, 55, 104079. 
https://doi.org/10.1016/j.jwpe.2023.104079. 

[24] WHO. Safety evaluation of certain food additives and contaminants: prepared by the seventy-third meeting of the Joint FAO/WHO 

Expert Committee on Food Additives (JECFA). https://www.who.int/publications/i/item/9789241660648 (accessed 2024-09-23). 

[25] Hamid, H.; Thakur, N.; Kumar, P. Anti-Nutritional Factors, Their Adverse Effects and Need for Adequate Processing to Reduce Them 

in Food. AgricINTERNATIONAL 2017, 4, 56. https://doi.org/10.5958/2454-8634.2017.00013.4. 

[26] Touzou, B. J. J.; Soro, D.; Soronikpoho, S.; Ernest, K. K. Effects of fermentation on the physico-chemical and functional characteristics 

of composite flours made from cashew Almond (Anacardium occidentale ) and wheat (Triticum aestivum). Int. J. Innov. Sci. Res. 

2018, 37 (1), 58–69. 

[27] Gafar, M. K.; Itodo, A. U.; Senchi, D. F. Nutritive and Anti-Nutritive Composition of Chanca Piedra (Stone Breaker). Food Public 

Health 2012, 2 (2), 21–27. https://doi.org/10.5923/J.FPH.20120202.05. 

[28] Chemeda, A.; Bussa, N. F. Nutritional and Anti Nutrient Content of Cassava Grown in Hararghe, Eastern Ethiopia: As Affected by 

Varieties and Processing Methods. Global Scientific Journal 6 (4). 2018. 

[29] Danso, J.; Alemawor, F.; Boateng, R.; John, B.; Ben Kumah, D. Effect of Drying on the Nutrient and Anti- Nutrient Composition of 

Bombax Buonopozense Sepals. Afr. J. Food Sci. 2019, 13, 21–29. https://doi.org/10.5897/AJFS2018.1765. 

[30] Mariam, L. W.; Woldeyes, F. Review on Effect of Processing on Cassava Anti-Nutritional Factors and Impacts on Health. Int. J. 

Forensic Res. 2020, 1 (1), 24–33. 

[31] Fofana, I.; Doudjo, S.; Yeo, M.; Koffi, E. Influence De La Fermentation Sur Les Caracteristiques Physicochimiques Et Sensorielles 

De La Farine Composite A Base De Banane Plantain Et D’amande De Cajou. Eur. Sci. J. 2017, 13. 

https://doi.org/10.19044/esj.2017.v13n30p395. 



Production and characterization of cassava peel flour from three varieties ..  

DOI: 10.9790/2402-2009023746                                      www.iosrjournals.org                                        Page | 46 

[32] Ikpeme, C.; Eneji, C.; Igile, G. Nutritional and Organoleptic Properties of Wheat (Triticum Aestivum) and Beniseed (Sesame Indicum) 

Composite Flour Baked Foods. J. Food Res. 2012, 1, 84. 

[33] Katyal, M.; Thakur, S.; Singh, N.; Khatkar, B. S.; Shishodia, S. K. A Review of Wheat Chapatti: Quality Attributes and Shelf Stability 

Parameters. Food Chem. Adv. 2024, 4, 100736. https://doi.org/10.1016/j.focha.2024.100736. 

[34] Achu, M.; Djuikwo, R.; Tamo, S.; Fotso, L. C.; Carole, D. F.; Fokou, E. Physical Characteristics and the Effect of Boiling and 

Fermentation on the Nutritional Value of Telfairia Occidentalis Seeds. J. Agric. Chem. Environ. 2021, 10, 389–401. 

https://doi.org/10.4236/jacen.2021.104025. 

[35] Karimu, O. A.; Seyifunmi, O. E. Effect of Farmentation on the Production and Nutritional Composition of Cassava (Manihot Esculenta 

Crantz) Flour Samples. Afr. Crop Sci. J. 2016, 24 (1), 89. https://doi.org/10.4314/acsj.v24i1.9S. 

[36] Doukani, K.; Souhila, T.; Gourchala, F.; Fatma, M.; Ounes, M.; Benbaguara, M. Caractérisation Physico-Chimique Du Blé Fermenté 

Par Stockage Souterrain (Matmora). Rev. Ecol.-Environ. 2013, 9, 1–9. 

[37] Frankel, E. N. Lipid Oxidation (2005), 2nd edn, edited by E.N. Frankel, Woodhead Publishing Ltd., Sawston, Cambridge, UK. ISBN-

13: 978-0-9531949-8-8. Price. ResearchGate 2025. 

[38] ANSES. AVIS de l’Anses relatif à l’évaluation des apports en vitamines et minéraux issus de l’alimentation non enrichie, de 

l’alimentation enrichie et des compléments alimentaires dans la population française : estimation des apports usuels, des prévalences 
d’inadéquation et des risques de dépassement des limites de sécurité. Anses - Agence nationale de sécurité sanitaire de l’alimentation, 

de l’environnement et du travail. https://www.anses.fr/fr/content/avis-de-lanses-relatif-%C3%A0-l%E2%80%99%C3%A9valuation-

des-apports-en-vitamines-et-min%C3%A9raux-issus-de (accessed 2024-06-20). 

[39] Sahoré, A. D.; Abouattier, L.; Guehi Francois, G. Assessment of Some Mineral Elements (Ca, Na, K, Mg, Fe, Mn Cu and Zn) and 

Their Nutritional Intake of Two Traditional Leafy Vegetables: Leaves of Corchorus Olitotorius (Tiliaceae) and Hibiscus Sabdariffa 
(Malvaceae). Int. J. Agric. Innov. Res. 2014, 3, 2319–1473. 

[40] Micronutrients, I. of M. (US) P. on. Zinc. In Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, 

Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc; National Academies Press (US), 2001. 

[41] Suresh, C.; Samsher. Assessment of Functional Properties of Different Flours. Afr. J. Agric. Res. 2013, 8 (38), 4849–4852. 

https://doi.org/10.5897/AJAR2013.6905. 

[42] Singh, U. Functional Properties of Grain Legume Flours. J. Food Sci. Technol. 2001, 38, 191–199. 

[43] Ojha, P.; Adhikari, R.; Karki, R.; Mishra, A.; Subedi, U.; Karki, T. B. Malting and Fermentation Effects on Antinutritional Components 

and Functional Characteristics of Sorghum Flour. Food Sci. Nutr. 2018, 6 (1), 47–53. https://doi.org/10.1002/fsn3.525. 

[44] Oladele, A. K.; Aina, J. O. Chemical Composition and Functional Properties of Flour Produced from Two Varieties of Tigernut 

(Cyperus Esculentus). Afr. J. Biotechnol. 2007, 6 (21), 2473–2476. https://doi.org/10.5897/AJB2007.000-2391. 

[45] Yapi, J. C.; Deffan, Z. a. B.; Koko, A. C.; Diabagate, J. R.; Kouamekan, K. B.; Kouame, L. P. Influence de La Granulométrie 

Physicochimiques Sur Les Caractéristiques et Techno-Fonctionnelles Des Farines de Souchet ( Cyperus Esculentus L. ). Agron. Afr. 

2021, 33 (2), 239–250. 

[46] Hannington, T.; Awuchi, C.; Rachael, M. Comparative Study of the Proximate Composition and Functional Properties of Composite 

Flours of Amaranth, Rice, Millet, and Soybean. 2020, 6, 6–19. 



    𝐯 𝐨 𝐥 𝐮 𝐦 𝐞   𝐨 𝐟   𝐊 𝐌 𝐧 𝐎 𝟒   ( 𝟎 , 𝟎 𝟓 𝐌 )   ×   𝟐 , 𝟐 × 𝟎 , 𝟎 𝟎 𝟏  𝐌 𝐬 × 𝟏 𝟎 𝟎

