[bookmark: _Toc183616700]Sensory acceptability of nutrient-enhanced porridge from orange-fleshed sweet potatoes with grain amaranth, biofortified beans and maize flour


ABSTRACT 
Sensory acceptability and their willingness to purchase value-added products are significant factors influencing the consumption of and commercial potential for such products. This study aimed to determine the sensory acceptability of nutrient-enhanced porridges containing orange fleshed sweet potato (OFSP), grain amaranth, biofortified beans, and maize flour, as well as the willingness of consumers to purchase and consume the new products. Porridge prepared from four composite flours, made from OFSP, biofortified bean, maize, and grain amaranth using formulations optimised using response surface methodology, were compared to one made from a commercial composite flour (control). Fifty consumers (26 females, 24 males) assessed the attributes of the samples using a 9-point hedonic scale for sensory acceptance and a 5-point Likert scale for willingness to buy. Relationship between sensory attributes and overall consumer’s liking of porridges was evaluated using principal component analysis (PCA). The study found that the new OFSP-based composite porridges were equally acceptable to consumers as commercial porridges (5.14–7.14). Mouthfeel and taste were the major contributors to overall acceptability. Panelists indicated higher likelihood (52%) to purchase the raw composite flours comprised of 20% OFSP, 30% maize, 40% bean, 10% grain amaranth (RF2) and the extruded composite comprised of 49% OFSP, 5.9% maize, 35.1% bean, and 10% grain amaranth (EF2). Most panelists were willing to pay between between 5000 and 10000 Ugx for raw flour (RF2) and less than 5000 Ugx for extruded flour (EF2). The results show that the formulations resulted acceptable nutritionally enhanced porridges, with good prospects for success on the market. 
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2. INTRODUCTION 
Porridges are soft, thick dishes made by boiling grains, cereals or legumes in water or milk. The most common grains used in porridges are millet, rice, corn, oats and wheat (Amin et al., 2024; Orngu & Mbaeyi‐Nwaoha, 2022; Tumwine et al., 2019) but other grains like grain amaranth, quinoa, sorghum, barley and cowpea can also be used (Akande et al., 2017; Marchini et al., 2021; Ramos Diaz et al., 2013). In Uganda, porridges are widely used as weaning or breakfast food (Malik et al., 2015; Nansereko et al., 2022). Porridges are commonly prepared from cereals, which are low in most nutrients like protein, vitamins and minerals (Ndagire et al., 2015; Tibagonzeka, 2014). Therefore, if porridges are not properly supplemented with nutrient-dense ingredients, they may fail to meet the full nutritional needs of vulnerable individuals such as children, pregnant mothers and elederly.
Orange-fleshed sweet potato (OFSP) (Ipomoea batatas L.) is a vital biofortified crop rich in beta-carotene and a good source of energy, vitamins, and minerals (Mwanga et al., 2016; Neela & Fanta, 2019). Biofortified beans and grain amaranth are important sources of iron, zinc, complex carbohydrates, dietary fiber, and antioxidants (Mulambu et al., 2017; Saltzman et al., 2013). Incorporation of OFSP, biofortified beans, and grain amaranth in flour for porridges has been reported as an efficient strategy to improve nutritional value and reduce micronutrient deficiencies among children under the age of 5 years (Fernando, 2020; Stangoulis & Knez, 2022).In a recent study by Byamukama et al. (2025), it was revealed that blending OFSP, grain amaranth, biofortified beans and maize flour resulted in nutrient enhanced composite flours with potentials in addressing the prevalence of malnutrition in Uganda. This study therefore, builds on these findings to acertain the possibilities of consumer acceptance of new products produced from locally available crops.
On the other hand, porridges are associated with challenges of inadequate cooking practices (Marchini et al., 2021), which must be addressed to make them more suitable options, particularly for vulnerable groups such as children, pregnant women, and elderly. Processing methods such as extrusion cooking have been proposed as ways of generating pre-cooked/ instant porridges that are convenient and require minimal cooking time compared to traditional porridges (Atukuri et al., 2019; Kanu et al., 2020; Wani & Kumar, 2016). This significantly reduces the time needed to cook porridges, which is typically advantageous in situations where time, fuel, or cooking resources are limited (Mosibo et al., 2022). Extrusion offers additional benefits in reducing anti-nutrients contained in some grains and enhancing the nutritional and functional qualities of flours for porridge making (Awolu et al., 2017; Nkundabombi et al., 2016). Extrusion can also be used to produce low bulk-density instant flours which have higher nutrient density than raw flours (Atukuri et al., 2019).
Sensory evaluation, including the determination of consumer preferences and the product’s acceptability, may be useful in guiding the production and marketing or product development for commercial success (Onyango et al., 2020). It is hence useful that new products are subjected to sensory evaluation to guide their potential to succeed in the market. This study, therefore, aimed at evaluating the sensory acceptability and willingness to buy the newly developed OFSP-based composite porridges supplemented with grain amaranth, biofortified bean, and maize.
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MATERIALS AND METHODS 
[bookmark: _Toc183616703]2.1. Materials used in this study 
Grain amaranth (A. hypochondriacus L.) was purchased from a local industry located in Mukono district, Biofortified beans (NARObean 2) and orange-fleshed sweet potatoes (NAPSPOT12 0) were purchased from the National Crops Resources Research Institute (NACRRI) Namulonge, Wakiso district. The commercial composite flour (control) used in the study was purchased from a retail supermarket in Kampala, Uganda and was made of maize, soybean and rice. The reagents used were of analytical grade (AR), manufactured by GRIFFCHEM Fine Chemicals (India) and Loba Chemie PVT Ltd (India). The collection of plant materials was carried out in accordance with research and ethical guidelines of Makerere University. 
2.2. Preparation of grain amaranth 
Grain amaranth flour was prepared following the method of Atukuri et al. (2019). Grain amaranth was washed, sorted to eliminate extraneous matter and dried in a hot air oven (Gallenkamp, Uk) at 55 ℃ for 6 hours. Clean grain amaranth was milled using a commercial mill (30B-C, Changzhou Erbang Drying Equipment Co. Ltd) and sieved with a mesh size of 500 µm. The resulting flour was packaged in airtight bags and stored at room temperature (25±5 ℃) for subsequent use.
2.3. Preparation of orange fleshed sweet potato flour
The OFSP roots were sorted, trimmed, washed manually with clean water, peeled, and sliced into uniform sizes of 2 mm thickness using an electrical machine (Ritter E16, Ritterwerk GmbH, Grobenzell, Germany). The slices were soaked in 5 g/L sodium metabisulfite solution for 5 min and excess water was drained from the samples after 5 minutes as described by (Chikpah et al., 2020) with slight modification. About 1000 g of the slices were spread out on perforated trays and dried at 60 ℃ air temperature using a Hohenheim HT min, cabinet dryer (innotech-ingenieursgesellschaft GmbH, Altdorf, Germany). The dried slices were milled into flour using a mill (Kenwood blender BLP10), and the flour was packaged in a polyethylene bag and stored at room temperature (25±5 ℃) for subsequent use.
2.4. Processing of extruded bean flour 
[bookmark: _Hlk197379427]Extruded bean flour used in the composite flour was produced using a twin-screw extruder (model DP 70 III Jinan, China) with three heating sections; the first at 60 ℃, the second at 120 ℃, and the last one at 150 ℃. The screw speed was at 350 rpm, and the cutters at 90 rpm, the diameter was 4 mm, and the flour was extruded at 5% moisture content. The extrusion conditions were based on previous experiments on optimization of extrusion conditions. Extrudates were ground to a fine flour using a Wonder mill (Pocatello, Idaho, USA) and sieved through 425 µm mesh size. The flour was packaged in a polyethylene bag and stored at room temperature (25±5 ℃) for subsequent use.
2.5. Composite flours
Four different optimized formulations (Table 1) developed using response surface methodology, prepared from orange fleshed sweet potato, grain amaranth, biofortified beans and maize (Byamukama et al. 2025), were used to prepare the composite flours for use in this study. (two containing maize and two without maize), two extruded and two raw.  A commercial composite flour containing maize, rice, and soy flour for comparison was obtained from a retail supermarket in Kampala, Uganda. 
[bookmark: _Toc183580293]Table 1: Optimized composite flour formulations 
	Formulation
	Ingredient proportion (%)

	
	OFSP
	Grain amaranth
	Biofortified bean
	Maize flour 

	RF1
	37.8
	30.0
	32.2
	0.0

	RF2
	20.0
	10.0
	40.0
	30.0

	EF1
	46.6
	16.5
	36.9
	0.0

	EF2
	49.0
	10.0
	35.1
	5.9


RF1: Raw composite formulation without maize, RF2: Raw composite formulation containing maize, EF1: Extruded composite formulation without maize and EF2: Extruded composite formulation containing maize.

2.6. Preparation of porridges 
Experimental porridges from control and raw composite formulations were prepared by modifying the method described by Onyango et al. (Onyango et al., 2020). Briefly, 40 g of each composite flour was added to 200 mL of cold water and thoroughly mixed with a wooden spoon. The resulting paste was added to 500 mL of boiling water and cooked for 15 min with constant stirring. Porridges from extruded flours were prepared following the method of Atukuri et al. (2019). About 33 g of extruded composite flours was added to 100 mL of hot water and stirred to a uniform and drinkable consistency. The prepared porridges were kept in coded thermos vacuum flasks and used for sensory evaluation.
[bookmark: _Toc183616704]2.3 Sensory evaluation 
Sensory evaluation of porridges was done following the procedure described by Tumuhimbise et al. (2019). Fifty consumers (26 females, 24 males) comprising of students and staff in the School of Food Technology, Nutrition and Bio-Engineering, Makerere University. Each of the consumers sat in an individual booth and was provided with approximately 25 mL of each of the 5 samples served in small plastic disposable cups coded with 3-digit random numbers. Participants were instructed to taste the samples and to rinse their mouths with mineral water between each sample. The sensory attributes of porridges that were evaluated included; colour, mouthfeel, taste, aroma, aftertaste, and overall acceptability. The sensory attributes of porridge were rated on a nine-point hedonic scale (1= Dislike extremely, 2= Dislike very much, 3= Dislike moderately, 4= Dislike slightly, 5= Neither like nor dislike, 6= Like slightly, 7= Like moderately, 8= Like very much, 9= Like extremely). Each participant was then presented with two pairs of samples.
To examine their willingness to buy the composite porridge, panelists were asked to indicate how likely they would be willing to buy the composite porridge they chose in the preference test, if it was available in shops they regularly shop from. They were also asked to indicate how likely they would be to recommend their preferred product to other people. Panelists were also asked how often they would buy the product if it was affordable and available. 
[bookmark: _Toc183616705]2.4. Data analysis 
The data were analysed using XLSTAT software version 2019.2.2 (Addinsoft, New York, NY, USA). Analysis of variance (ANOVA), and the Fisher Least Significant Difference (LSD) were used to determine significant differences among means (p< 0.05). Experimental results were expressed as the means ± standard deviations (SD). Principal component analysis (PCA) was used to analyze the influence of sensory attributes on overall acceptability.

3. [bookmark: _Toc183616706]RESULTS AND DISCUSSION 
[bookmark: _Toc183616707]3.1. Sensory attributes of OFSP-based composite flours 
Results of sensory evaluation are summarized in Table 2. The results show no significant difference in overall acceptability between porridges made from flours containing maize (EF2 and RF2) and the control, while flours made without maize (both raw and extruded) had lower overall acceptability. Porridges from EF2 and RF2 had the highest scores (6.87 and 6.81) respectively while that from EF1 had the lowest score (5.14).
[bookmark: _Toc183580294]Table 2. Sensory acceptability of porridges from OFSP-based composite flours and a commercial flour
	Sample ID
	Colour 
	Aroma 
	Mouthfeel 
	Taste 
	Aftertaste 
	Overall acceptability 

	COMM
	6.68a ±1.89
	6.54a ±1.66
	6.49a ±1.98
	6.73a ±0.9
	6.08a ±1.53
	7.14a ±1.16

	RF1
	6.22ab±1.96
	6.03abc±1.52
	5.65ab±2.16
	5.14b ±2.24
	4.92bc±1.74
	5.62b ±1.67

	RF2 
	6.30ab±1.24
	6.14ab±1.34
	6.35a ±1.55
	6.16a ±1.50
	5.76ab±1.91
	6.81a ±1.20

	EF1
	5.62b ±2.10
	5.24c ±1.88
	5.11b ±2.22
	4.57b ±2.13
	4.76c ±2.11
	5.14b ±1.92

	EF2 
	5.75b ±1.97
	5.54bc±2.27
	6.14a ±1.06
	6.2 a±1.51
	5.19bc±2.03
	6.87a ±1.08

	p-value 
	0.111
	0.017
	0.009
	0.0001
	0.012
	<0.0001


Values are mean ± standard deviation (n=50). Means in the same columns with different superscripts are significantly different (p<0.05). RF1: Raw composite formulation without maize, RF2: Raw composite formulation containing maize, EF1: Extruded composite formulation without maize and EF2: Extruded composite formulation containing maize.
The mean scores for colour and aroma of porridges made from RF1 and RF2 were not significantly different from the control. Similarly, there were no significant difference in the mean scores for mouthfeel and taste between porridges made from RF2 and EF2 and the control. The mean scores for aftertaste of porridge made from RF2 was not significantly different from the control. Formulations without maize had significantly (p<0.05) lower scores for aroma, mouthfeel, taste, aftertaste and overall acceptability. Evaluation of extrusion effect indicated that extruded samples had significantly (p<0.05) lower score for colour, aroma, mouthfeel and aftertaste. A similar effect was reported by (Sanya, 2020), in a study of consumer’s acceptability of extruded maize-sorghum composite flours fortified with grain amaranth, baobab and orange fleshed sweet potatoes. This may be due to extrusion temperature which might have affected the attributes through Maillard reactions and non-enzymatic browning (Adams et al., 2019). Extrusion had no significant effect on scores of tastes and overall acceptability in this study. The acceptability scores of all OFSP-based composite porridges were above 5 on hedonic scale with the highest being found in the porridge prepared from EF2 (6.87) close to the control (7.14), implying that the newly developed OFSP-based composite porridges were equally acceptable to the consumers as the commercial porridge.
[bookmark: _Toc183616708]3.2. Association between sensory attributes of porridges formulated with OFSP-based composite flours 
The relationship between the sensory attributes of porridges made with OFSP-based composite flours and the control is depicted in figure 1. PCA demonstrated that each of the five attributes contributed to the porridge’s overall acceptance with taste and mouthfeel having the strongest correlation (Figure 1). It demonstrates that the taste is highly related to the mouthfeel and it is connected to the first component (F1). Two of the four quadrants are found to include all the sensory attributes. On the other hand, the second component (F2) is highly connected with colour, aroma and aftertaste. Sample EF2 had the highest coordinate on the first axis and is highly related to the first component which is highly related to taste and overall acceptability. This is probably attributed to the incorporation of maize, and impact of extrusion processing which have been reported to improve sensory attributes of foods in earlier studies (Ajifolokun et al., 2019; Sanya, 2020; Shobha et al., 2015). In contrast, porridges from RF1 and EF1 formulations had the worst ratings, this could have been due to absence of maize flour in these formulations.

Figure 1. Principal component analysis plot showing the correlation between sensory attributes of porridges from OFSP-based composite flours. RF1: Raw composite formulation without maize, RF2: Raw composite formulation containing maize, EF1: Extruded composite formulation without maize and EF2: Extruded composite formulation containing maize.


[bookmark: _Toc183616709]3.3. Evaluation of consumers’ preference 
Preference testing revealed that RF2 from the raw formulations was the most preferred whereas EF2 was the most preferred among the extruded formulations (Figure 2). RF2 is the raw composite flour made from a formulation consisting of 20% OFSP, 10% grain amaranth, 40% biofortified bean and 30% maize. Whereas EF2 is an extruded composite flour made from a formulation comprised of 49% OFSP, 10% grain amaranth, 35.1% biofortified bean and 5.9% maize. The preferred formulations contained maize and had lower levels of grain amaranth (10%) compared to other formulations that didn’t have maize flour. Several studies have indicated that maize improves texture, mouthfeel, and overall acceptability (Ajifolokun et al., 2019; Alamu et al., 2016; Olaoye et al., 2015; Shobha et al., 2015). In a study of amaranth-soy-wheat composite flours, Joshi et al. (2019) noted that incorporating more than 25% of grain amaranth reduced scores for the flavour and overall acceptability. The higher preference for formulations EF2 and RF2, may therefore be linked to the presence of maize flour and low levels of grain amaranth, which contributed to the improvement of taste and mouthfeel for these porridges. 
[image: ]
Figure 2: Preference score (%) for OFSP-based composite flours. RF1: Raw composite formulation without maize, RF2: Raw composite formulation containing maize, EF1: Extruded composite formulation without maize and EF2: Extruded composite formulation containing maize.
[bookmark: _Toc183616710]3.4. Willingness to pay (WTP)
WTP represents the highest price a consumer is ready to spend for a product reflecting the value they place on it (Carter & Maher, 2014). It helps businesses and marketers understand the perceived value of their products and set prices accordingly (Guo et al., 2022). To assess the willingness to pay, consumers were asked the maximum amount they were willing to pay for a kilogram of the composite flours used to make the porridges. This is because asking for the minimum amount a consumer can pay doesn’t provide a meaningful insight into the maximum price, they are comfortable with rather it indicates a bargain or a price they would pay if forced to purchase which isn’t as useful in determining pricing strategy (Zerbini et al., 2019). The results indicated that the majority of panelists were willing to pay < Ugx 5000 for extruded flour (EF2) and between 5000 and 10000 the raw flour (RF2) as shown in Figure 3. This result could be attributed to the fact that consumers may not fully understand the nutritional and functional advantages of extruded composite flours (Amadeu et al., 2024), leading to reluctance to pay more unless the added value is clearly communicated. Additionally, consumers perceive flours as a basic staples and expect lower prices since they prefer paying less to save money in the long term, especially for staple items they purchase (Narasimham & Gupta, 2013). A sizeable proportion of panelists (38%) indicated a willingness to pay <5000 for the raw flour), while 35% indicated a willingness to pay 5000 - 10000 for extruded flour. A relatively small proportion of the panelists indicated willingness to pay in excess of Ugx 10000 for either sample. The observed variation in the willingness to pay could be linked to income disparities among consumers (Dominguez-Viera et al., 2022).

Figure 3: Willingness to pay for 1kg of OFSP-based composite flour

[bookmark: _Toc183616711]3.5. Willingness to buy 
The acceptance of new food products does not necessarily imply the willingness to buy them. There are other factors such as price and availability that may determine the purchase of new food products (Zerbini et al., 2019). To assess the willingness to buy, respondents were asked how likely were they willing to buy the product they chose if it was affordable and available in the shops they regularly visit. The results revealed that approximately 66% were likely to buy the newly developed composite flours (Figure 4). This result is attributed to the fact that composite flours have a significant market potential driven by various factors such as high consumer demand for health-conscious products (Godswill, 2019), gluten free alternatives (Culetu et al., 2021), and local food sustainability (Fetriyuna et al., 2021). Furthermore, consumers usually want to try new products with different types of ingredients which can offer unique tastes and flavours (Chandra et al., 2015). 

Figure 4: Willingness to buy OFSP-based composite porridges

[bookmark: _Toc183616712]3.6. Buying frequency 
Results showed a wide variations in the frequency at which panelists were willing to buy the flours (Figure 5). This variation in the frequency could be linked to how well consumers understand the benefits of composite flours (Engindeniz & Bolatova, 2021). Consumers with knowledge about or awareness of the nutritional benefits and health advantages of composite flours are very likely to buy these composite flours more often than those with limited knowledge and awareness (Engindeniz & Bolatova, 2021). Further more, the results could be attributed to how often consumers use them in their food preparations (Godswill, 2019).

Figure 5: Buying frequency of OFSP-based composite porridge

[bookmark: _Toc183616713]3.7. Recommendation of the OFSP-based composite flours to other people 
Results showed that most panelists were highly willing to recommend the flours to other people (Figure 6). This result is due to a number of factors, including the rising consumer demand for health-conscious products (Godswill, 2019), gluten-free alternatives (Culetu et al., 2021), and local food sustainability, composite flours have a substantial market potential (Fetriyuna et al., 2021). Composite flours may be recommended for individuals with specific health conditions, such as diabetes or heart diseases (Noorfarahzilah et al., 2014). It has been reported that flours made from whole grain or legumes can have a lower glycemic index and higher fiber content, helping to manage blood sugar levels (Banu et al., 2021; Gbenga-Fabusiwa et al., 2019). 

Figure 6: Willingness to recommend the composite flours to other people
[bookmark: _Toc183616714]3.8. Consumption of composite porridge 
Results showed that 81% of respondents had consumed porridges in the past whereas 19% had not. This result could be attributed to the fact that composite flours have the potential to introduce a wider variety of nutrients and encourage dietary diversity which promotes food security (Godswill, 2019), and supports local economies (Fetriyuna et al., 2021). Additionally, composite flours often have more balanced nutritional profile compared to single-grain flours (Ekunseitan et al., 2017). They are usually rich in protein, fiber, vitamins and minerals(Amadeu et al., 2024), hence health-conscious individuals find it important to consume composite flours.
4. [bookmark: _Toc183616715]
5. CONCLUSION 
Formulation affected aroma, mouthfeel, taste, aftertaste and overall acceptability of OFSP-based composite porridges with the formulations containing maize (RF2 and EF2) being the most acceptable while extrusion affected colour, aroma, mouthfeel and aftertaste scores. The sensory evaluation results showed that porridges from all the four new composite flours were liked. These findings confirmed the potential to utilize OFSP and other locally available crops like maize, grain amaranth and biofortified beans in the production of acceptable composite flours. Once adopted at commercial level, production of composite flours based on the formulations used in this study would create market for locally grown foods, hence improvement of farmer’s income. Based on the findings of this study, it can be concluded that further research be conducted to explore the commercial prospects for the newly developed composite flour formulations evaluated in this study. 
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Biplot (axes F1 and F2: 98.17 %)
Active variables	Colour
Aroma
Mouthfeel
Taste
Aftertaste
Overall acceptability

2.4876650620232788	2.5491080465680001	2.8004759000980779	2.7345067739856002	2.7795374131475601	2.6535569043943399	3.7883027217907812	3.4590188555700387	-1.5762865368501207	-2.3058784517974198	0.10102533936689602	-2.9403749044652199	Active observations	Comm
RF1
RF2
EF1
EF2

3.1284506694752388	-1.0858642851480091	1.54586692192784	-3.5005948751226015	-8.7858431132474227E-2	0.45560243343012186	1.10961224366108	-8.5314067433820501E-2	6.4048011526011236E-2	-1.5439486211833899	0	2.4876650620232788	0	3.7883027217907812	0	2.5491080465680001	0	3.4590188555700387	0	2.8004759000980779	0	-1.5762865368501207	0	2.7345067739856002	0	-2.3058784517974198	0	2.7795374131475601	0	0.10102533936689602	0	2.6535569043943399	0	-2.9403749044652199	F1 (85.39 %)

F2 (12.78 %)



Raw composite flour 	<	 5000	5000 - 10000	10001 - 15000	15001 - 20000	˃ 20000	38	54	8	0	0	Extruded composite flour	<	 5000	5000 - 10000	10001 - 15000	15001 - 20000	˃ 20000	54	35	8	0	3	Maximum Amount (UGX)

Responses (%)



Very likely	Likely	Not sure	Unlikely	Very unlikely	15	51	22	11	1	Degree of willingness

Respondents (%)


Daily 	Weekly 	Monthly 	Every few months	Yearly 	Never 	10	34	23	27	1	5	 Frequency

Respondents (%)


Very likely 	Likely 	Not sure 	Unlikely	Very unlikely	29	40	23	5	3	Degree to recommend the flours to others 

Respondents (%)
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