
Pasting Properties, Digestibility, and Nutritional
Enhancement of Cassava, Yam, and Maize-Based
Composite Flours Enriched with Potato Peel
Powder
Lydia Oluwatoyin Ajayi 

Ladoke Akintola University of Technology
Oluwole David Tolulope 

Crescent University Abeokuta
Ayodeji Folorunsho Ajayi 

Ladoke Akintola University of Technology College of Health Sciences

Article

Keywords: Cassava, Yam, Maize, Potato peel powder, Composite flour, Resistant starch

Posted Date: September 23rd, 2026

DOI: https://doi.org/10.21203/rs.3.rs-10957473/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

https://doi.org/10.21203/rs.3.rs-10957473/v1
https://doi.org/10.21203/rs.3.rs-10957473/v1
https://doi.org/10.21203/rs.3.rs-10957473/v1
https://creativecommons.org/licenses/by/4.0/


1 

 

Pasting Properties, Digestibility, and Nutritional Enhancement of Cassava, Yam, and 1 

Maize-Based Composite Flours Enriched with Potato Peel Powder 2 

Lydia Oluwatoyin Ajayi1,4, Oluwole David Tolulope 2,3*, Ayodeji Folorunsho Ajayi 4,5 3 

1 Department of Biochemistry, Ladoke Akintola University of Technology, Ogbomoso, Oyo 4 

State, Nigeria. 5 

2 Department of Physiology, Crescent University Abeokuta, Abeokuta, Ogun State, Nigeria. 6 

3 Department of Physiology, University of Ilesa, Ilesa, Osun State, Nigeria. 7 

4 Anchor Biomed Research Institute, Ogbomoso, Oyo State, Nigeria. 8 

5 Department of Physiology, Ladoke Akintola University of Technology, Ogbomoso, Oyo 9 

State, Nigeria. 10 

*Corresponding author: (david.oluwole-t@cuab.edu.ng, davislove1987@gmail.com; 11 

+2348067610909) Department of Nursing, Crescent University Abeokuta Ogun State, 12 

Nigeria. 13 

Abstract 14 

Potato peels represent a significant proportion of food processing waste, often discarded despite 15 

their rich nutritional and functional composition. This study investigated the effects of potato 16 

peel powder incorporation on the proximate composition, functional properties, pasting 17 

characteristics, and digestibility of cassava-, yam-, and maize-based composite flours.  18 

Composite blends with the cassava, yam and maize flour were formulated at varying 19 

substitution levels (0%, 5%, 10%, and 15%) and evaluated using standard analytical methods. 20 

Results showed a progressive increase in moisture, protein, ash, and resistant starch contents 21 

with increasing levels of potato peel substitution, while carbohydrate content and total energy 22 

value decreased across all flour bases. Maize-based blends exhibited the highest improvement 23 

in resistant starch, whereas cassava blends showed higher swelling capacity and setback 24 

viscosity, indicating greater retrogradation tendencies. Yam-based blends demonstrated 25 

relatively stable thermal properties and lower setback viscosity, suggesting improved storage 26 

stability. Functional analyses revealed that potato peel incorporation influenced gelatinization 27 

and pasting behaviour, with variations in peak, breakdown, and setback viscosities reflecting 28 

differences in starch–fibre interactions among flour types. Overall, potato peel powder 29 

enhanced the nutritional profile and modified functional properties without significantly 30 

compromising the intrinsic starch characteristics of the base flours. The study concludes that 31 
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potato peel powder is a promising functional ingredient for developing nutrient-enriched 32 

composite flours with improved digestibility and potential health benefits, particularly in 33 

reducing glycaemic load and enhancing dietary fibre intake. These findings highlight the 34 

valorisation of potato processing waste and its potential application in sustainable food product 35 

development systems. 36 
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1.0 Introduction 66 

The increasing global demand for sustainable food systems owing to continuously growing 67 

world population has intensified interest in agro-industrial by-products. Among these, potato 68 

peels represent a significant proportion of food processing waste, often discarded despite their 69 

rich nutritional and functional composition. Potato is the fourth most common crop cultivated 70 

globally annually (Kumar et al., 2024). Potato peel is the major waste released by potato-71 

processing industries and poses a global environmental threat. Potato peels are known to 72 

contain appreciable levels of dietary fiber, phenolic compounds, minerals, and bioactive 73 

constituents with antioxidant properties, making them a promising candidate for functional 74 

food development. 75 

In sub-Saharan Africa, staple flours derived from cassava, yam, and maize (corn) constitute a 76 

major component of daily dietary intake (Valdez et al., 2024; Ndhlovu and Tagutanazvo, 77 

2025). While these flours are energy-dense, they are generally limited in micronutrients, dietary 78 

fiber, and certain phytochemicals (Mensah et al., 2021). This nutritional limitation presents an 79 

opportunity for fortification using underutilized plant-based resources. The incorporation of 80 

such bioactive-rich materials into commonly consumed flours could enhance their nutritional 81 

profile and contribute to improved public health outcomes (Amoah et al., 2022). 82 

Previous studies have explored the use of plant-based by-products in food fortification; 83 

however, there remains limited comparative evaluation of potato peel incorporation across 84 

multiple indigenous flour systems. Additionally, the impact of varying inclusion levels of 85 

potato peel on the physicochemical properties, functional characteristics, and overall quality 86 

attributes of cassava, yam, and corn flours has not been comprehensively elucidated. 87 

Therefore, this study aims to investigate the effects of graded concentrations of potato peel 88 

powder on selected properties of cassava flour, yam flour, and corn flour. Specifically, the 89 

study evaluates the proximate composition, functional properties (such as water absorption 90 

capacity, bulk density, and swelling index), and potential improvements in nutritional quality. 91 
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By doing so, this research seeks to provide a scientific basis for the utilization of potato peel 92 

as a value-added ingredient in staple flour systems, thereby contributing to waste reduction, 93 

food sustainability, and nutritional enhancement. 94 

2.0 Methods 95 

2.1 Raw Material Procurement 96 

2.1.1 Potato Peel Powder (PPP) Production 97 

Dried maize, fresh sweet potato, cassava and yam tubers were gotten from local farm in 98 

Ogbomoso. The fresh potato tubers obtained from local farm market in Ogbomoso were 99 

washed in clean water and were peeled with knife. The fresh potato peels were obtained 100 

immediately after manual peeling of wholesome potato tubers. The peels were sorted to remove 101 

extraneous materials such as dirt, stones, and damaged tissues, and subsequently washed 102 

thoroughly under running tap water to eliminate adhering impurities. 103 

The cleaned potato peels were then reduced to uniform sizes to ensure even heat transfer during 104 

blanching. Blanching was carried out using the hot water method. Briefly, water was heated to 105 

a temperature range of 85–100°C, and the potato peels were completely immersed in the hot 106 

water for 3 minutes. To minimize enzymatic browning and preserve the natural color, 0.2% 107 

(w/v) citric acid solution was incorporated into the blanching medium. 108 

At the end of the blanching period, the peels were rapidly cooled by transferring them into cold 109 

water (≈4°C) to halt further thermal action. The cooled samples were drained using a sieve to 110 

remove excess surface water. 111 

The blanched potato peels were subsequently subjected to drying in a hot air oven at 50–60°C 112 

until a constant weight was achieved. The dried samples were then milled into fine flour and 113 

stored in airtight containers at ambient temperature. 114 

2.1.2 Flour Production 115 

For the cassava and yam flour, the fresh cassava was peeled, washed and dried using hot air 116 

oven at 50–60°C until constant weight was achieved. The dried samples were then milled into 117 

fine flour and stored in airtight containers at ambient temperature. 118 

For the maize flour, the dried maize were cleaned to ensure they are free from dirt, milled and 119 

then sieved and the flour sample were kept in airtight plastic containers. 120 

2.1.3 Formulations of Composite Flour Blends 121 

Composite flours were formulated by incorporating potato peel powder (PPP) into three 122 

different base flours viz: cassava, yam, and maize at graded substitution levels. The substitution 123 

was carried out on a weight-by-weight (w/w) basis to ensure uniformity across all samples. 124 
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Four formulation levels were prepared for each base flour, consisting of a control (0% PPP) 125 

and three experimental blends containing increasing proportions of potato peel powder (5%, 126 

10%, and 15%) (Table 1). The formulations were thoroughly mixed to achieve homogeneity 127 

and subsequently stored in airtight containers at ambient conditions prior to analysis. 128 

Table 1: Formulation Ratios 129 

Sample Code Composition (%) Description 

F0 100:0 100% base flour (no PPP) 

F5 95:5 95% base flour + 5% PPP 

F10 90:10 90% base flour + 10% PPP 

F15 85:15 85% base flour + 15% PPP 

2.1.4 Sample Coding System 130 

To ensure clarity and traceability, samples were coded based on the type of base flour and the 131 

level of PPP inclusion as in Table 2, 3 and 4: 132 

Table 2: Cassava Flour-Based Blends (CF) 133 

Sample Code Description 

CF0 100% cassava flour (control) 

CF5 Cassava flour + 5% PPP 

CF10 Cassava flour + 10% PPP 

CF15 Cassava flour + 15% PPP 

 134 

Table 3: Yam Flour-Based Blends (YF) 135 

Sample Code Description 

YF0 100% yam flour (control) 

YF5 Yam flour + 5% PPP 

YF10 Yam flour + 10% PPP 

YF15 Yam flour + 15% PPP 

 136 

Table 4: Maize Flour-Based Blends (MF) 137 

Sample Code Description 

MF0 100% maize flour (control) 

MF5 Maize flour + 5% PPP 

MF10 Maize flour + 10% PPP 
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MF15 Maize flour + 15% PPP 

 138 

2.2 Blending Procedure 139 

Each formulation was prepared by accurately weighing the required proportions of base flour 140 

and potato peel powder using a digital analytical balance. The components were mixed using 141 

a laboratory mixer to ensure uniform distribution of PPP within the flour matrix. The blended 142 

samples were sieved to improve homogeneity and eliminate agglomerates. 143 

All composite flour samples were packaged in airtight polyethylene bags and stored under dry 144 

conditions at room temperature labeled as in table 2, 3 and 4 until further analyses (proximate 145 

composition, functional properties, pasting characteristics, and digestibility studies) were 146 

conducted. 147 

2.3 Analytical Determinations 148 

2.3.1 Proximate Composition 149 

Determination of moisture content 150 

For each sample, a clean, dried glass petri dish was weighed (W1). 5g of sample was weighed 151 

in to each of the dish (W2). The dish was shake gently to ensure uniform distribution of sample. 152 

The dish containing sample was placed in the oven at 105°C for 2 hours then, the dish was 153 

moved to desiccator and allowed to cool. The dish containing a dried sample was weighed 154 

(W3).The weight was done continuously until constant weight was obtained. 155 

Calculation 156 

The percentage moisture was calculated as follows:  157 % ܥ/ܯ =       (ܹ2 − ܹ3ܹ2 − ܹ1) × 100    158 

Where:  159 ܹ1 = ܹ݁݅݃ℎݏ݅݀ ݕݐ݌݉݁ ݂݋ ݐℎ 160 ܹ2 = ܹ݁݅݃ℎݏ݅݀ ݕݐ݌݉݁ ݂݋ ݐℎ + 3ܹ 161 ݕݎ݀ ݁ݎ݋݂ܾ݁ ݈݁݌݉ܽݏ ݂݋ ݐℎ݃݅݁ݓ = ܹ݁݅݃ℎݏ݅݀ ݂݋ ݐℎ +  162   ℃105 ݐܽ ݀݁݅ݎ݀ ݎ݁ݐ݂ܽ ݈݁݌݉ܽݏ ݂݋ ݐℎ݃݅݁ݓ

Determination of Crude Protein (Kjeldahl Method, AOAC 978.04) 163 

Crude protein content was determined via the Kjeldahl method following standard AOAC 164 

procedures. Approximately 1.0 g of each sample was weighed into a Kjeldahl digestion flask, 165 

and a digestion mixture containing 7.0 g potassium sulphate (K₂SO₄), 0.8 g copper sulphate 166 

(CuSO₄), and 20 mL concentrated sulphuric acid (H₂SO₄) was added. The mixture was gently 167 

swirled and heated initially at low temperature until frothing subsided, then at elevated 168 
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temperature until a clear digest was obtained, followed by continued boiling for 6 h to ensure 169 

complete digestion. 170 

After cooling, the digest was diluted to 100 mL with distilled water. An aliquot (10 mL) of the 171 

digest was transferred into a distillation unit, and 50 mL of 40% NaOH along with 50 mL 172 

distilled water was added to liberate ammonia. The released ammonia was distilled into 30 mL 173 

of 2% boric acid solution containing mixed indicator for 10–15 min. 174 

The distillate was titrated against 0.1 N HCl to a pink endpoint, and the titre value recorded. 175 

Nitrogen content was calculated using standard Kjeldahl equations, and crude protein was 176 

obtained by multiplying the nitrogen value by a conversion factor of 6.25. 177 

Calculation: 178 % ܰ = ܸ1 × ݊1 × 1ܨ × ݏܹܹ݊ܯ × 10 ݊݅݁ݐ݋ݎܲ ݁݀ݑݎܥ 179  =  % ܰ × (6.25) ݎ݋ݐܿܽܨ ×  180 2ܨ

V1=Volume of titre value 181 

n1= Normality of acid 182 

F1=Acid Factor 183 

MWn=Molar mass of Nitrogen 184 

Ws=Weight of sample 185 

F2=Dilution factor (6.25) 186 

 187 

Determination of Crude Fat Content (Soxhlet Extraction Method) 188 

Crude fat content was determined using the Soxhlet extraction method. Filter paper was folded 189 

into a thimble and pre-weighed to obtain a zeroed mass. Approximately 2.0 g of sample was 190 

accurately weighed and placed into the thimble, which was then inserted into the Soxhlet 191 

extractor. 192 

A volume of 250 mL n-hexane (petroleum ether) was added via a glass funnel into the 193 

extraction flask through the condenser assembly. The system was assembled, and the heating 194 

mantle, main power supply, and condenser cooling water were switched on. Extraction was 195 

carried out for a minimum of 4 h at a condensation rate of 5–6 drops per second. 196 

After extraction, the heating unit and water supply were turned off, and the solvent containing 197 

the extracted fat was carefully transferred into a pre-weighed beaker (W₁). The thimble was 198 

rinsed with additional petroleum ether to ensure complete recovery of lipids. The solvent was 199 

evaporated in a hot-air oven at 70°C for 30 min, after which it was allowed to cool. Residual 200 

solvent was removed, and the beaker containing the extracted fat was weighed (W₂). 201 
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Crude fat content was then calculated based on the difference in mass between W₂ and W₁ 202 

relative to the original sample weight. 203 

Calculation: 204 % ݐܽܨ ݁݀ݑݎܥ =  (ܹ2 − ܹ3)2  × 100 205 

W1=Weight of beaker 206 

W2=Weight of beaker (g) + Fat extract (g) 207 

Determination of Ash Content (Dry Ashing Method) 208 

Ash content was determined by the dry ashing method. Clean crucibles were first dried in an 209 

oven at 105°C for at least 2 h, cooled in a desiccator, and weighed to obtain the empty crucible 210 

weight (W₁). Approximately 5.0 g of sample was accurately weighed into the crucible and 211 

recorded as (W₂). 212 

The samples were then incinerated in a muffle furnace (Carbolite) at 550°C for 6 h until 213 

complete ashing was achieved. After ashing, the crucibles were carefully removed, cooled in a 214 

desiccator to prevent moisture uptake, and reweighed to obtain the final weight (W₃). Heating, 215 

cooling, and weighing were repeated where necessary until a constant ash weight was obtained. 216 

Calculation 217 %ݏܣℎ ݐ݊݁ݐ݊݋ܥ = (ܹ3 − ܹ1)(ܹ2 − ܹ1) × 100 218 

Where: 219 

W₁ = Weight of empty crucible  220 

W₂ = Weight of crucible + sample before ashing  221 

W₃ = Weight of crucible + ash after incineration 222 

2.3.2 Determination of Carbohydrate Content and Total Energy Value 223 

Carbohydrate Content 224 

Carbohydrate content was determined by difference, based on the proximate composition of 225 

the sample. It was calculated as the remaining fraction after accounting for moisture, crude 226 

protein, crude fat, and ash contents: 227 % ݋ܾݎܽܥℎ݁ݐܽݎ݀ݕ = 100 − ݊݅݁ݐ݋ݎܲ%) + ݐܽܨ% + ℎݏܣ% +  228 (݁ݎݑݐݏ݅݋ܯ%

 229 

Total Energy Value (Kcal) 230 

The total energy value of the samples was calculated using the Atwater conversion factors as 231 

follows: 232 (݈ܽܿܭ) ݕ݃ݎ݁݊ܧ = ݊݅݁ݐ݋ݎܲ) × 2.44) + ݏ݀݅݌݅ܮ) × 8.37) + ݁ݐܽݎ݀ݕℎ݋ܾݎܽܥ) × 3.57)  233 

Where: 234 
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Protein, Lipids, and Carbohydrate are expressed as percentages (%) or g/100 g sample  235 

Energy is expressed in kilocalories (Kcal)  236 

2.3.3 Physicochemical and Functional Characterization 237 

Gelatinization Temperature 238 

Gelatinization temperature was determined in triplicate. Precisely 1.0 g of flour sample was 239 

weighed into 20 mL screw-capped tubes, and 10 mL of distilled water was added to each tube. 240 

The samples were heated gradually in a water bath with continuous monitoring until complete 241 

gel formation was observed. The temperature at which full gelatinization occurred confirmed 242 

by the formation of a firm gel was recorded as the gelatinization temperature. 243 

Pasting Properties and Resistant Starch Estimation (Rapid Visco Analyzer) 244 

Pasting characteristics and resistant starch estimation were carried out using Rapid Visco 245 

Analyzer (RVA). Approximately 2.5 g of starch/flour sample was weighed into a dry RVA 246 

canister, followed by the addition of 25 mL distilled water. The slurry was manually stirred to 247 

ensure uniform dispersion before being mounted in the RVA. 248 

The heating profile was programmed to increase from 50°C to 95°C, held for 2 min, and 249 

subsequently cooled back to 50°C with a 2 min holding period. Heating and cooling were 250 

maintained at a constant rate of 11.25°C/min. However, for the resistant starch estimation, the 251 

slurry was thoroughly mixed and analysed using the RVA under a standard temperature profile 252 

involving heating to 95°C, holding, and subsequent cooling 253 

The RVA thermo-gram was used to obtain key pasting parameters, including peak viscosity 254 

(indicator for starch granule swelling), breakdown viscosity, setback viscosity, and pasting 255 

temperature which collectively provide indirect evidence of resistant starch behaviour. 256 

Amylose Content Determination  257 

The amylose content of the flour blends was determined using the iodine-binding colorimetric 258 

method. Briefly, 100 mg of each sample was dispersed in ethanol and treated with 1 N sodium 259 

hydroxide to achieve complete solubilization. The resulting mixture was diluted with distilled 260 

water, acidified with acetic acid, and subsequently reacted with iodine solution. Absorbance 261 

was measured at 620 nm using a spectrophotometer, while amylose concentration was 262 

estimated from a standard calibration curve 263 

Amylopectin Content Determination 264 

Amylopectin content was determined indirectly by calculating the difference between total 265 

starch and amylose content for each sample. Total starch was quantified enzymatically, after 266 

which amylopectin content was expressed as: 267 Amylopectin (%) = Total starch (%) − Amylose (%) 268 
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3.0 Results 269 

3.1 Proximate Composition of the Flours Blend 270 

Figure 1 presents the moisture content (%) of cassava-, yam-, and maize-based composite 271 

flours at varying inclusion levels (F0, F5, F10, and F15). A consistent increase in moisture 272 

content was observed across all flour types with increasing substitution levels. The control 273 

samples (F0) recorded the lowest moisture values, approximately 6.1%, 5.9%, and 5.9% for 274 

cassava, yam, and maize, respectively. 275 

A significant increase (p < 0.05) in moisture content was observed at F5 in the cassava blend 276 

relative to the control. Furthermore, across all flour types, the F10 and F15 samples exhibited 277 

significantly higher moisture contents compared to both F0 and F5 (Figure 1). 278 

At the 5% inclusion level (F5), yam and maize blends showed a significant reduction in 279 

moisture content compared to the cassava blend. However, at higher inclusion levels (F10 and 280 

F15), the trend reversed, with yam and maize blends exhibiting significantly higher moisture 281 

contents than the cassava-based blend (Figure 1). 282 
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Figure 1: Percentage moisture content of the flour base blend. Bars are means ± SD of three 284 

replicated measurements. Letters indicate significant differences by Tukey’s test (p < 0.05): – 285 

a, vs. F0, – b, vs. F5, – α, vs. Cassava.  286 

 287 

Figure 2 shows the crude protein (%) of cassava-, yam-, and maize-based potato blend flours 288 

at varying inclusion levels (F0, F5, F10, and F15). No significant difference was observed 289 

across all the cassava and yam blends. There was significant increase in the crude protein 290 

percentage of the F5, F10, and F15 compared to the F0 (Figure 2). The percentage crude protein 291 

of the yam F10 blend was significantly increased compared to the cassava F10 blend (Figure 292 
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2). The crude protein percentage of the maize flour was significantly low compared to that of 293 

the cassava and Yam flour (Figure 2).  294 

 295 
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Figure 2: Percentage crude protein of the flour base blend. Bars are means ± SD of three 297 

replicated measurements. Letters indicate significant differences by Tukey’s test (p < 0.05): – 298 

a, vs. F0, – α, vs. Cassava; β, vs. Yam. 299 

Figure 3 shows the crude fat (%) of cassava-, yam-, and maize-based potato blend flours at 300 

varying inclusion levels (F0, F5, F10, and F15). In the cassava flour base blend, there was 301 

significant decrease in F5 and F15 of compared to the F0. No significant difference was 302 

observed across all the yam base blend. However, there was significant increase in the crude 303 

fat percentage of the F5 compared to the F0 (Figure 3) and the significant decrease was 304 

observed in the F10 and F15 maize blends when compared to the F5 blend (Figure 3). 305 

Meanwhile, significant decrease in percentage crude fat of the maize flour base blend F0 and 306 

F10 compared to the F0 and F10 cassava and yam flour base blends (Figure 3). Meanwhile, a 307 

significant increase in the percentage crude fat of the F5 and F15 of the maize flour base blend 308 

compared to the F5 and F15 of cassava and yam flour base blends (Figure 3).   309 

In figure 4, there was significant increase in the ash content (%) for the F5 and F15 cassava 310 

blend compared to the F0 while the ash content in the F10 and F15 of both the yam and maize 311 

flour blend was significantly decrease compare to the respective F0 of each of the flour blend 312 

(Figure 4). The ash content in the F5 maize flour blend was significantly lower compared to 313 

that of the F0 of the maize blend and in the maize flour blend, the ash content of the F15 blend 314 

was significantly low compared to the F5 blend (Figure 4). However, the F0 yam flour blend 315 

shows significant increase in ash content compared to F0 of either of cassava and maize blend, 316 

while there was significant decrease in the Ash content of the F5 and F10 of the maize flour 317 
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blend when compare to the respective concentration of flour blend of cassava and yam (Figure 318 

4).  319 
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Figure 3: Percentage crude fat of the flour base blend. Bars are means ± SD of three replicated 321 

measurements. Letters indicate significant differences by Tukey’s test (p < 0.05): – a, vs. F0, 322 

– b, vs. F5, – c, vs. F10, – α, vs. Cassava, β, vs. Yam. 323 
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Figure 4: Percentage ash content of the flour base blend. Bars are means ± SD of three 325 

replicated measurements. Letters indicate significant differences by Tukey’s test (p < 0.05): – 326 

a, vs. F0, – b, vs. F5, – α, vs. Cassava, β, vs. Yam 327 

 328 
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There was significant decrease in the carbohydrate content (%) for the F15 cassava blend 329 

compared to the F0, the carbohydrate content (%) for the F10 yam blend compared to the F0 330 

and F5 yam blend, while the cassava content in the F10 and F15 of the maize flour blend was 331 

significantly decrease compare to the F0 of the maize flour blend (Figure 5). 332 

In respect of total energy value, there was significant decrease in the total energy value of 333 

cassava flour blend at F5, F10 and F15 compared to the F0 cassava flour blend (Figure 6). Also 334 

there was significant decrease in the total energy value of both yam and maize flour blend at 335 

F10 and F15 compared to the F0 and F5 of their respective flour blend (Figure 6). At F10, the 336 

yam and maize flour blend was significantly lower in total energy value compared to the F10 337 

cassava flour blend (Figure 6).   338 
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Figure 5: Percentage carbohydrate content of the flour base blend. Bars are means ± SD of 340 

three replicated measurements. Letters indicate significant differences by Tukey’s test (p < 341 

0.05): – a, vs. F0, – b, vs. F5, – β, vs. Yam 342 
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Figure 6: The total energy value of the flour base blend. Bars are means ± SD of three 344 

replicated measurements. Letters indicate significant differences by Tukey’s test (p < 0.05): – 345 

a, vs. F0, – b, vs. F5, – α, vs. cassava. 346 

 347 

3.2 Physicochemical and Functional Characteristics of Blend 348 

3.2.1 Gelatization Temperature  349 

Figure 7 presents the gelatinization temperature of cassava-, yam-, and maize-based flour 350 

blends formulated with varying substitution levels (F0, F5, F10, and F15). Among the cassava-351 

based blends, the F5 blend exhibited the highest gelatinization temperature (about 91–92 °C) 352 

and significantly higher compared to the F0, F10, and F15 (Figure 7). 353 

For yam-based blends, gelatinization temperatures remained relatively stable across 354 

treatments, with values close to 90–91 °C. However, F15 showed a significantly higher value 355 

compared with F10 and also increased significantly from cassava-based blends (Figure 7). 356 

In maize-based blends, F0 recorded slightly higher gelatinization temperatures than F10 and 357 

F15. Significant increase in the 100% maize flour and the 100% of other flour bases (Figure 358 

7).  359 

 360 
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Figure 7: The gelatization temperature of the flour base blend. Bars are means ± SD of three 362 

replicated measurements. Letters indicate significant differences by Tukey’s test (p < 0.05): – 363 

a, vs. F0, – b, vs. F5, – c, vs. F10, – α, vs. cassava, – β, vs. yam. 364 

3.2.2 Pasting Properties and Percentage of Resistant Starch of Flour Blends 365 

Table 5 presents the pasting properties of cassava-, yam-, and maize-based flour blends 366 

formulated at different substitution levels (F0, F5, F10, and F15). The parameters evaluated 367 

include peak viscosity, breakdown viscosity, setback viscosity, and pasting temperature, which 368 

are important indicators of starch functionality, cooking behavior, and stability of flour during 369 

processing. 370 

Peak viscosity values ranged from 216.7 to 248.7 RVU. Cassava F0 recorded the highest peak 371 

viscosity (248.7 RVU), indicating a greater swelling ability and water-binding capacity of 372 

starch granules during heating. However, peak viscosity generally decreased with increasing 373 

substitution levels in cassava blends, with significant reductions observed in F10 and F15 (p < 374 

0.05). In contrast, yam-based blends showed lower peak viscosities overall, particularly Yam 375 

F0 (216.7 RVU), suggesting comparatively lower swelling characteristics. Maize blends 376 

exhibited progressive increases in peak viscosity with higher substitution levels, reaching 246.3 377 

RVU in F15, which was significantly different from some yam blends (Table 5). 378 

Breakdown viscosity, which reflects the stability of starch granules under heat and shear, varied 379 

between 111.7 and 131.7 RVU. Maize F0 showed the highest breakdown viscosity (131.7 380 

RVU), indicating lower resistance to thermal and mechanical stress during heating. Cassava 381 

F15 also exhibited a relatively high breakdown value (130.0 RVU). Conversely, lower 382 

breakdown viscosities observed in Yam F5 and Maize F15 (111.7–115.0 RVU) suggest 383 

improved paste stability and stronger resistance to disintegration during cooking (Table 5). 384 
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Setback viscosity values ranged from 176.7 to 198.0 RVU. Cassava blends generally recorded 385 

higher setback viscosities, especially Cassava F10 (198.0 RVU), indicating a greater tendency 386 

toward retrogradation and gel formation upon cooling. Yam F10 showed the lowest setback 387 

viscosity (176.7 RVU), suggesting reduced retrogradation tendency and potentially better 388 

storage stability. Maize blends maintained relatively high setback values, particularly F5 and 389 

F10, indicating moderate reassociation of starch molecules after cooling (Table 5). 390 

The pasting temperature of all flour blends ranged narrowly from 80.67 to 84.60 °C, indicating 391 

similar cooking initiation temperatures among the samples. Yam F5 recorded the lowest 392 

pasting temperature (80.67 °C), suggesting faster gelatinization and lower energy requirement 393 

during cooking. Cassava F15 exhibited the highest pasting temperature (84.60 °C), indicating 394 

slightly greater thermal resistance before starch gelatinization commenced. Despite some 395 

significant differences (p < 0.05), the overall variations in pasting temperature were relatively 396 

small across blends. 397 

Table 5: Table showing the Pasting Properties of the different flour blends 398 

Flour Blend Peak Viscosity 
Breakdown 

Viscosity 
Setback Viscosity 

Pasting 

Temperature 

(℃) 

Cassava 

F0 248.7 ± 1.16 116.7 ± 5.77 197.0 ± 2.65 84.23 ± 0.21 

F5 245.0 ± 0.00 123.3 ± 7.64 195.3 ± 2.52 82.83 ± 0.21௔ 

F10 228.3 ± 2.89௔௕ 123.3 ± 2.89 198.0 ± 0.00 84.23 ± 0.21௕ 

F15 226.7 ± 7.64௔௕ 130.0 ± 5.00௔ 195.0 ± 5.00 84.60 ± 0.36௕ 

Yam 

F0 216.7 ± 11.56∝ 116.7 ± 5.77 197.7 ± 2.52 83.93 ± 0.06 

F5 230.0 ± 17.32∝ 111.7 ± 2.89∝ 186.7 ± 2.89 80.67 ± 0.29௔,∝ 

F10 228.3 ± 2.89 127.3 ± 2.52௕ 176.7 ± 15.28௔,∝ 83.93 ± 0.06௕ 

F15 240.0 ± 8.66 115.0 ± 8.66௖,∝ 192.3 ± 3.05௖ 83.87 ± 0.15௕,∝ 

Maize 

F0 233.3 ± 5.77∝ఉ 131.7 ± 2.89∝ఉ 194.3 ± 4.84 84.20 ± 0.17 

F5 238.0 ± 2.65 115.0 ± 5.00௔ 197.7 ± 2.52ఉ 83.80 ± 0.26∝,ఉ 

F10 245.0 ± 3.00∝ఉ 126.7 ± 7.64∝ఉ 196.7 ± 0.58ఉ 84.40 ± 0.35௕,ఉ 

F15 246.3 ± 2.31௔,∝ 111.7 ± 2.89௔௖∝ 189.7 ± 0.58 83.90 ± 0.10ఈ 

Values are means ± SD of three replicated measurements. Letters indicate significant 399 

differences by Tukey’s test (p < 0.05): – a, vs. F0, – b, vs. F5, – c, vs. F10, – α, vs. cassava, – 400 

β, vs. yam. 401 
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Figure 8 illustrates the resistant starch content (%) of cassava-, yam-, and maize-based flour 402 

blends formulated at different substitution levels with values ranged from approximately 3.6 to 403 

4.6% (w/w). 404 

Among the cassava-based blends, resistant starch content remained relatively stable across all 405 

formulations, with values ranging between approximately 3.9 and 4.2%. Cassava F5 recorded 406 

the highest resistant starch value within the cassava group (Figure 8).  407 

For the yam-based blends, resistant starch values were comparatively lower at F0, F5, and F10, 408 

ranging from about 3.6 to 3.8%. Yam F15, however, exhibited a significant increased relative 409 

to F0, F5, and F10. However, the F0 and F5 Yam flour blends shows significant decrease in 410 

the resistant starch compared to their corresponding cassava blends (Figure 8). 411 

Maize-based blends generally recorded the highest resistant starch contents among all flour 412 

bases. Maize F15 showed significant increase in the resistant starch compared to the Maize F5 413 

and the Cassava F15 flour blend. The Maize flour showed significant increase in resistant starch 414 

compared to the yam flour. The Maize F10 flour blend showed significant increase in resistant 415 

starch compared to both cassava F10 and Yam F10 flour blends (Figure 8). 416 
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Figure 8: The percentage resistant starch of the flour base blend. Bars are means ± SD of three 418 

replicated measurements. Letters indicate significant differences by Tukey’s test (p < 0.05): – 419 

a, vs. F0, – b, vs. F5, – c, vs. F10, – α, vs. cassava, – β, vs. yam. 420 

The amylose and amylopectin contents of cassava-, yam-, and maize-based flour blends 421 

formulated at varying substitution levels were shown figure 9 and 10. 422 

Cassava-based blends exhibited very stable amylose and amylopectin contents across all 423 

formulations. No significant variation was observed among Cassava F0, F5, F10, and F15. 424 
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In yam- and Maize-based blends, amylose and amylopectin contents was also relatively 425 

consistent at F0, F5, and F10 however all significant lower to the Yam F15. Both F15 of Yam 426 

and Maize flour blends are significantly higher in amylose and amylopectin contents compared 427 

to the F15 cassava flour blend.   428 
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Figure 9: Amylose content of the flour base blend. Bars are means ± SD of three replicated 430 

measurements. Letters indicate significant differences by Tukey’s test (p < 0.05): – a, vs. F0, 431 

– b, vs. F5, – c, vs. F10, – α, vs. cassava. 432 
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Figure 10: Amylopectin content of the flour base blend. Bars are means ± SD of three 434 

replicated measurements. Letters indicate significant differences by Tukey’s test (p < 0.05): – 435 

a, vs. F0, – b, vs. F5, – c, vs. F10, – α, vs. cassava. 436 
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4.0 Discussion 438 

The progressive increase in moisture content observed across cassava-, yam-, and maize-based 439 

flour blends with the increasing levels of potato peel powder substitution suggests that potato 440 

peel powder possesses a greater water absorption and water-holding capacity than the native 441 

flours. Potato peel is known to contain appreciable amounts of dietary fibre, pectin, and 442 

hydrophilic polysaccharides, which enhance moisture retention within flour systems (Joshi et 443 

al., 2020; Sampaio et al., 2020). Consequently, the incorporation of potato peel powder likely 444 

increased the availability of hydroxyl groups capable of binding water molecules, thereby 445 

elevating the overall moisture content of the composite flours. Although the relatively low 446 

moisture content recorded in the control samples (F0) indicates good shelf stability of the 447 

unfortified flours, since lower moisture levels are generally associated with reduced microbial 448 

growth and prolonged storage life (Cruz-Paredes et al., 2021). The observed differences among 449 

flour types may be attributed to variations in starch composition, fibre characteristics, and 450 

particle structure of cassava, yam, and maize flours. At lower substitution levels (F5), cassava 451 

blends retained higher moisture contents than yam and maize blends, possibly due to the highly 452 

hydrophilic nature of cassava starch granules (Chamorro et al., 2025). However, at higher 453 

substitution levels (F10 and F15), yam and maize blends exhibited comparatively higher 454 

moisture contents, suggesting stronger interactions between potato peel fibre and the protein-455 

fibre matrix of yam and maize flour systems. This may also reflect differences in porosity and 456 

particle surface area, which influence water adsorption properties (Zhang et al., 2024). The 457 

increase in moisture content with potato peel incorporation agrees with previous findings that 458 

dietary fibre enrichment generally elevates water retention in composite flour formulations 459 

(Çağlar et al., 2025; Vescovo et al., 2025).  460 

The increase in crude protein content following incorporation of potato peel powder 461 

demonstrates the nutritional enhancement potential of potato peel in composite flour systems. 462 

Based on previous findings of Kibar et al., (2025) and Ajaz et al., (2026), potato peel contains 463 

moderate amounts of protein and amino acids, this may have contributed to the improved 464 

protein levels observed in the fortified blends. The significant increase in crude protein values 465 

of F5, F10, and F15 relative to the controls indicates that even low levels of substitution can 466 

improve the protein quality of traditionally carbohydrate-rich flours. The elevated protein 467 

values in yam F10 relative to cassava F10 suggest that yam flour may provide a more 468 

compatible matrix for protein enrichment or may possess synergistic interactions that improve 469 

nitrogen retention during analysis. Meanwhile, the comparatively lower crude protein content 470 

observed in maize blends was unexpected as maize is commonly recognized to contain 471 
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appreciable protein levels (Ifie et al., 2026). This result may be associated with varietal 472 

differences, processing methods, dilution effects, or interactions between potato peel 473 

constituents and maize proteins. It is also possible that the protein quality of maize was affected 474 

during flour processing or that the maize flour used possessed relatively low intrinsic protein 475 

content. Nutritionally, the enhancement of crude protein is important because cassava- and 476 

yam-based products are generally deficient in protein. Therefore, fortification with potato peel 477 

powder could contribute to improved dietary protein intake, especially in populations where 478 

root and tuber products constitute staple foods. The improved protein levels may also support 479 

better growth, tissue repair, and metabolic functions (Tomé et al., 2021). 480 

The observed decreased in crude fat content among the composite flours may be attributed to 481 

differences in lipid composition of the flour bases and the dilution effect caused by potato peel 482 

incorporation. Nutritionally, moderate fat levels are desirable because lipids contribute to 483 

energy supply, fat-soluble vitamin absorption, and sensory properties (Malik et al., 2023). 484 

However, lower fat content may enhance shelf stability by reducing susceptibility to oxidative 485 

rancidity (Gharby et al., 2025). Therefore, the reduced fat levels observed in some fortified 486 

blends may improve storage quality while still maintaining acceptable nutritional value. 487 

Ash content is an important indicator of total mineral composition in food materials (Ismail, 488 

2024). Thus increase in ash content observed in cassava F5 and F15 suggests that potato peel 489 

powder contributed additional mineral elements to the blends. Potato peel is known to contain 490 

considerable quantities of potassium, calcium, magnesium, phosphorus, and trace elements 491 

(Joshi et al., 2020), hence, its inclusion likely enhanced the mineral density of the cassava-492 

based formulations. The nutritional implication of elevated ash content is significant because 493 

minerals are essential for bone formation, enzyme function, fluid balance, and metabolic 494 

regulation (Vescovo et al., 2025). Therefore, incorporation of potato peel powder may improve 495 

micronutrient availability in the fortified flours, supporting better nutritional outcomes. 496 

The reduction in carbohydrate content observed in cassava F15, yam F10, and maize F10/F15 497 

blends can be attributed to the replacement of starch-rich flour fractions with potato peel 498 

powder, which contains comparatively higher levels of dietary fibre, ash, and non-carbohydrate 499 

constituents. Since cassava, yam, and maize flours are predominantly carbohydrate-based, 500 

substitution with potato peel naturally reduced the relative proportion of digestible 501 

carbohydrates. The decline in carbohydrate content may also reflect the inverse relationship 502 

between carbohydrate concentration and increases in protein, moisture, fibre, and ash content. 503 

Similar trends have been reported in fibre-enriched composite flour formulations where 504 
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incorporation of agricultural by-products decreases available carbohydrate fractions (Areti et 505 

al., 2024; Abali et al., 2025). 506 

The observed decrease in total energy value with increasing substitution levels is consistent 507 

with the reductions in available carbohydrate and fat contents of the composite flours. Since 508 

carbohydrates and lipids are major contributors to caloric value (Vieira et al., 2025), 509 

replacement with fibre-rich potato peel powder naturally reduced the overall caloric density. 510 

The lower energy values observed in yam and maize blends at F10 and F15 relative to cassava 511 

blends may reflect greater reductions in digestible starch fractions within those formulations. 512 

This finding is nutritionally important because lower-energy foods enriched with dietary fibre 513 

may support weight management and reduce risks associated with excessive caloric intake. 514 

Additionally, the reduction in energy density coupled with improved protein, fibre, and 515 

resistant starch composition suggests that the fortified blends may be suitable for functional 516 

food development targeting individuals with obesity, diabetes, and other metabolic disorders. 517 

Gelatinization temperature is an important indicator of starch behaviour during heating and 518 

reflects the energy required for starch granule swelling and disruption (Sethi et al., 2022). The 519 

high gelatinization temperature observed in cassava F5 suggests stronger molecular 520 

interactions due to increased structural rigidity within the starch matrix at low levels of potato 521 

peel incorporation. The fibre components of potato peel may have restricted water mobility, 522 

thereby increasing the thermal energy required for gelatinization. Meanwhile, the relatively 523 

stable gelatinization temperatures observed across yam blends suggests that yam starch 524 

granules were less affected by substitution with potato peel powder. This stability may be 525 

associated with the inherent structural characteristics of yam starch, including granule size 526 

distribution and amylose-to-amylopectin ratio. However, the lower gelatinization temperatures 527 

observed in maize F10 and F15 relative to maize F0 suggest that higher potato peel inclusion 528 

facilitated earlier starch gelatinization, possibly due to disruption of starch granule organization 529 

or improved water penetration into the starch matrix (Sethi et al., 2022). 530 

Peak viscosity reflects the maximum swelling ability of starch granules during heating and is 531 

closely associated with water-binding capacity (Jia et al., 2023). The high peak viscosity 532 

observed in cassava F0 confirms the superior swelling characteristics of cassava starch, which 533 

is typically associated with high starch purity and strong hydration capacity (Chamorro et al., 534 

2025). The reduction in peak viscosity with increasing substitution levels in cassava blends 535 

suggests that potato peel powder interfered with starch granule swelling. The fibre-rich nature 536 

of potato peel may have competed with starch for available water, thereby limiting granule 537 

expansion and reducing viscosity development (Lal et al., 2024). Also, the lower peak 538 
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viscosities recorded in yam blends indicate comparatively weaker swelling properties, possibly 539 

due to differences in starch granule architecture and lower starch availability. Conversely, the 540 

increase in peak viscosity observed in maize blends at higher substitution levels suggests that 541 

interactions between maize starch and potato peel components may have enhanced water 542 

absorption and paste development. Functionally, the reduced peak viscosity may improve 543 

processing stability in products requiring controlled thickening, whereas higher viscosities may 544 

be advantageous for soups, porridges, and bakery fillings. 545 

Breakdown viscosity reflects the ability of starch granules to withstand heat and mechanical 546 

shear during cooking (Pacheco et al., 2024) with high breakdown values indicating weak paste 547 

stability and greater susceptibility to structural disintegration (Boonkor et al., 2022). Hence, 548 

the high breakdown viscosity observed in maize F0 suggests poor resistance to thermal and 549 

shear stress, likely due to rapid swelling and collapse of starch granules. Similarly, cassava F15 550 

exhibited relatively high breakdown values, suggesting that excessive potato peel incorporation 551 

may weaken paste integrity in cassava systems. Conversely, the lower breakdown viscosities 552 

recorded in yam F5 and maize F15 indicate improved thermal stability and stronger resistance 553 

to cooking stress. Thus suggests that potato peel fibre may reinforce starch matrices and reduce 554 

granule fragility in the yam and maize composite flour. However, improved paste stability is 555 

desirable in food products subjected to prolonged heating as it enhances product consistency 556 

and reduces viscosity loss during cooking. 557 

The setback viscosity measures the tendency of starch molecules, particularly amylose, to re-558 

associate during cooling, leading to retrogradation and gel formation (Li, 2024). Hence, the 559 

relatively high setback viscosities observed in cassava blends, especially Cassava F10, indicate 560 

a stronger tendency toward retrogradation. High retrogradation may contribute to firmer gel 561 

texture and increased resistant starch formation after cooling. However, excessive 562 

retrogradation may negatively affect sensory quality by promoting staling in processed foods 563 

(Ning et al., 2025). 564 

The resistant starch content of the composite flours increased modestly with potato peel 565 

incorporation, particularly in maize-based blends. Resistant starch represents the fraction of 566 

starch that escapes digestion in the small intestine and behaves physiologically like dietary 567 

fibre (Han et al., 2023). The relatively stable resistant starch values observed in cassava blends 568 

suggest that potato peel incorporation had limited influence on resistant starch formation in 569 

cassava systems. However, the elevated values observed in maize F10 and F15 indicate 570 

enhanced formation of digestion-resistant starch structures, possibly due to stronger amylose-571 

lipid and starch-fibre interactions (Krishnan et al., 2021). The low resistant starch contents 572 
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observed in yam F0 and F5 relative to cassava blends may indicate greater starch digestibility 573 

in yam flour systems. However, the increase observed in Yam F15 suggests that potato flour 574 

higher substitution levels promoted resistant starch formation in the yam blends. The nutritional 575 

significance of resistant starch is substantial because it contributes to reduced glycaemic 576 

response, improved colonic health, enhanced satiety, and beneficial modulation of gut 577 

microbiota (Das et al., 2024). Hence, the higher resistant starch levels observed in maize-based 578 

fortified blends suggest its potential application in functional foods designed for diabetic and 579 

health-conscious consumers. 580 

Amylose and amylopectin are the principal polysaccharides responsible for starch 581 

functionality. The relatively stable amylose and amylopectin contents observed across cassava 582 

blends indicate that potato peel incorporation did not substantially alter starch composition in 583 

cassava systems. The reductions observed in yam and maize F15 formulations suggest that 584 

higher levels of potato peel substitution diluted native starch fractions or altered starch 585 

organization. According to Wang et al., (2025), amylose contributes to gel firmness and 586 

resistant starch formation while amylopectin influences swelling and viscosity, Thus, these 587 

changes in both amylose and amylopectin of the composite blends may explain some of the 588 

functional differences observed in pasting behaviour. The comparatively higher amylose and 589 

amylopectin contents recorded in yam and maize F15 relative to cassava F15 may reflect 590 

inherent compositional differences among the flour bases. Higher amylose levels are generally 591 

associated with increased resistant starch formation, firmer gels, and slower digestibility (Wang 592 

et al., 2025).  593 

5.0 Conclusion 594 

This study demonstrated that the incorporation of potato peel powder into cassava-, yam-, and 595 

maize-based composite flours significantly enhanced the nutritional and functional quality of 596 

the flour systems without adversely altering their inherent physicochemical characteristics. The 597 

enrichment process modified starch functionality and influenced important processing 598 

attributes while maintaining the overall structural integrity of the flour blends. 599 

Potato peel powder proved to be an effective functional ingredient due to its appreciable content 600 

of dietary fibre, minerals, and bioactive compounds. Its inclusion improved the protein and ash 601 

contents of the composite flours while reducing available carbohydrate and total energy values, 602 

thereby producing nutritionally improved flour formulations with potential health benefits. The 603 

increase in resistant starch content, particularly in maize-based blends, further suggests 604 

possible applications in the formulation of low-glycaemic and health-promoting food products 605 

suitable individual with metabolic syndrome and other health-conscious consumers. 606 
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The study also revealed notable effects of potato peel enrichment on the functional and pasting 607 

characteristics of the flour blends. Cassava-based blends retained relatively high swelling 608 

capacity and setback viscosity, indicating stronger retrogradation tendencies and gel-forming 609 

ability. Yam-based blends exhibited comparatively stable thermal properties and lower setback 610 

viscosities, suggesting better storage stability and reduced retrogradation. Maize-based blends 611 

showed superior resistant starch enhancement and improved paste stability, indicating 612 

favourable processing and cooking characteristics. These variations demonstrate that the 613 

response of composite flours to potato peel enrichment is dependent on the intrinsic properties 614 

of the base flour. 615 

Furthermore, the utilization of potato peel powder offers important environmental and 616 

economic advantages. Since potato peel is commonly treated as an agro-industrial waste, its 617 

conversion into a value-added functional ingredient supports sustainable food processing, 618 

waste minimization, and resource utilization. The findings therefore highlight the potential of 619 

potato peel powder as a low-cost fortifying material capable of improving both the nutritional 620 

and technological properties of composite flours. 621 

Overall, the results of this study establish that potato peel powder can be successfully 622 

incorporated into cassava-, yam-, and maize-based composite flours to produce nutrient-623 

enriched and functionally improved food materials with promising applications in functional 624 

food development and sustainable food systems. 625 

6.0 Recommendations 626 

Based on the findings of this study, the following recommendations are proposed: 627 

1. Potato peel powder should be considered as a functional ingredient for the development 628 

of nutritionally enhanced composite flours and other food products due to its beneficial 629 

effects on protein content, mineral composition, resistant starch formation, and 630 

functional properties. 631 

2. Food industries and small-scale food processors should explore the incorporation of 632 

potato peel powder into staple flour products as a strategy for improving nutritional 633 

quality while reducing agro-industrial waste. 634 

3. Further studies should be conducted to evaluate the sensory properties, consumer 635 

acceptability, and shelf-life stability of food products produced from potato peel-636 

enriched composite flours. 637 

4. Additional research should investigate the bioavailability of nutrients and the glycaemic 638 

response of products formulated from these composite flours in order to validate their 639 

potential health benefits for diabetic and health-conscious populations. 640 
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5. Advanced characterization studies involving starch microstructure, rheological 641 

behaviour, and molecular interactions should be carried out to better understand the 642 

mechanisms through which potato peel powder influences starch functionality and 643 

digestibility. 644 

6. Optimization studies should be performed to determine the most suitable substitution 645 

levels of potato peel powder that provide the best balance between nutritional 646 

enhancement, functional performance, and sensory quality. 647 
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