NUTRITIONAL, FUNCTIONAL AND SENSORY CHARACTERISTICS OF SWALLOW FOODS PRODUCED FROM UNRIPE PLANTAIN AND WHITE BEANS COMPOSITE FLOUR BLENDS

Abstract
Swallow food with high glycaemic index is detrimental to the health of people with type-2 diabetics, food products that may increase choice of food is important to allow varieties for type-2 diabetics individual. This study focused on affordable and functional food with low glycaemic index for every individual with restricted food choice. Composite flour product from plantain and beans of various blends were prepared in ratio 90:10; 80:20; 70:30; 60:40. The nutritional values in form of proximate, mineral content, glysaemic index, functional composition and sensory evaluation were investigated. The nutritional value: moisture; protein; crude fat; fibre; ash; carbohydrate contents respectively in % were: (6.03-8.95); (5.86-7.29); (3.09-6.13); (1.00-1.41); (3.28-3.60); (74.90-78.90). Mineral content including: calcium; potassium; magnesium and iron in ppm respectively were in the range: (39.15-52.90); (36.85-62.00); (23.75-27.15); (1.09-1.16). Rapid digestible starch; (34.66-57.07), slow digestible starch; (14.59-16.26); resistant starch; (14.91-16.62), glycaemic index: 51.41-66.68), glycaemic load: (43.99-53.86). Functional proper: water holding capacity; (18.75-21.00), swelling capacity; (36.35-63.17), bulk density; (0.77-0.84). Sensory evaluation overall value ranged from 7.05-7.89, which indicated Sample as the best when reconstituted. The development of functional foods from blends of plantain and beans flour has shown great potential in addressing nutritional deficiencies of flour, when obtained from one source. The findings indicated that the blended flours can be used to create high-protein, high-fiber, and nutrient-dense food products that are rich in resistant starch which helps to lower glycaemic index.
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Introduction

Lack of affordable and functional food options for individuals with dietary restrictions or limited access to traditional swallow foods due to medical condition is a major concern for securing regular solid food for people who need low calorie solid food (Simas et al., 2019). Green plantain and beans have a positive index on the hypoglycemic index ranks, which means it helps regulate blood sugar levels and prevent spikes in body sugar level (Chiavaroli et al., 2021). The green plantain flour meals amylose and amylopectin type B concentration may have played a role in its low glycaemic index (Ćorković et al., 2022). The development of food products using composite flour has gained significant momentum in recent years and continues to attract increasing attention from researchers and food technologists (Banu et al., 2021). This approach involves the blending of flours from different plant sources to enhance the nutritional, functional, and sensory properties of food products. Composite flour technology has been widely explored in the production of snacks, bakery products, and pastries, offering an innovative alternative to the use of conventional wheat flour alone. The growing interest is largely driven by the need to reduce overdependence on wheat imports, promote the utilization of locally available crops, and improve food security (Siddiqui et al., 2022).

In addition, there is a rising demand on food processors to formulate and deliver functional ingredients that not only provide energy but also contribute to the overall well-being of consumers. These functional composite flours are expected to meet the diverse nutritional requirements of the populace by enhancing dietary fibre, protein quality, micronutrient content, and bioactive compounds (Banu et al., 2021). As lifestyle-related health challenges such as diabetes, obesity, and cardiovascular diseases become more prevalent, consumers are increasingly drawn to healthier food options. Thus, the development of composite flour-based products serves a dual purpose: providing affordable and accessible food alternatives while simultaneously addressing pressing nutritional and health needs. There is no enough information on the study of functional foods produced from the blends of plantain flour and beans. People with disorders of carbohydrates metabolism are often advised not to eat most swallow foods which are commonly made from starchy foods such as yam cassava and wheat (Bhatt and Gupta, 2015; Ngalani and Crouzet, 2015; Agbo et al., 2016).

Plantain is an important tropical staple crop with remarkable nutritional benefits that contribute to human health and wellbeing. It is particularly high in dietary fibre, which plays a critical role in lowering cholesterol, preventing constipation, and aiding in the regulation of blood pressure (Okareh et al., 2015). Regular consumption of fibre-rich foods like plantain supports cardiovascular health by reducing the risk of hypertension and atherosclerosis. In addition to its fibre content, plantain contains substantial amounts of essential minerals such as potassium, magnesium, and phosphate, while remaining very low in fat. Its richness in potassium makes it especially beneficial for individuals requiring diuretics, as potassium helps regulate fluid balance and supports proper muscle and nerve function (Macdonough et al., 2017).

Nutrient composition studies have shown that plantain is rich in iron (24 mg/kg), potassium (9.5 mg/kg), calcium (715 mg/kg), vitamin A, ascorbic acid, thiamin, riboflavin, and niacin, which are all vital for maintaining overall health and preventing nutritional deficiencies. Moreover, its sodium content (351 mg/kg) is relatively low, making plantain suitable for individuals prescribed low-sodium diets to reduce the risk of hypertension and related cardiovascular diseases (Izonfuo and Omuaru, 2018). The amino acid profile of plantain is also noteworthy, with constituents such as β-alanine, aminobutyric acid, glutamine, asparagine, histidine, serine, arginine, and leucine, which are important for tissue repair, enzyme activity, and immune system function. Interestingly, the ascorbic acid content of plantain is higher than that of bananas, enhancing its value as a source of vitamin C, which supports immunity and collagen synthesis. As a starchy staple, plantain provides about 1 g of protein per 100 g edible portion (Okareh et al., 2015). Although this amount is modest compared to the daily protein requirement of approximately 0.75 g/kg body weight for adults, plantain can serve as a complementary protein source when consumed with legumes or other protein-rich foods. The fat content of plantains and bananas is very low, less than 0.5%, contributing minimally to their overall energy content. While the total lipid content remains largely unchanged during ripening, the fatty acid composition undergoes modifications, particularly within the phospholipid fraction, where a decrease in saturation has been observed (Thompson, 2015; Ogazi, 2016; Tchango et al., 2019; Simpson et al., 2021). This biochemical change may have implications for digestibility and metabolic health.

Similarly, beans are among the most versatile and widely consumed foods globally, with numerous varieties cultivated and consumed extensively in Nigeria. Their rich nutritional profile and affordability make them highly valuable in promoting diet quality and long-term health outcomes (Dimopoulou et al., 2024). Beans are a powerhouse of nutrients, offering significant amounts of protein, dietary fibre, folate, iron, potassium, and magnesium, while being naturally low in fat, trans-fat, sodium, and cholesterol (Drewnowski, 2010). Because of this nutrient density, they are considered one of the best plant-based foods for supporting growth, development, and chronic disease prevention.

One of the distinguishing nutritional properties of beans is their low glycaemic index (GI). Foods with a low GI release glucose slowly into the bloodstream, thus preventing sharp spikes in blood sugar levels after meals. This makes beans particularly beneficial for individuals managing Type 2 diabetes, as they help regulate blood sugar and insulin levels more effectively. Furthermore, beans are rich in both soluble and insoluble dietary fibre. The soluble fibre forms a viscous gel in the digestive tract, which binds cholesterol; particularly the harmful low-density lipoprotein (LDL) cholesterol, thereby reducing its absorption and lowering the risk of cardiovascular diseases such as heart disease and stroke. On the other hand, insoluble fibre contributes bulk to the stool, promoting efficient bowel movement, preventing constipation, and improving gut health. Additionally, certain gut bacteria ferment insoluble fibre, producing short-chain fatty acids that further enhance digestive health and metabolic function (Liu et al., 2024).

This study is important as it addresses the need for affordable and functional food options, especially for individuals with dietary restrictions or limited access to traditional swallow foods. By utilizing green plantain and beans composite flour, we can create a sustainable and accessible food product that promotes healthy, eating habits and improves overall well-being according to UN sustainable development goal number 3; good health and well- being. Clinical trials have shown that low glycaemic index foods improve glycaemic control in diabetes, increase insulin sensitivity, and reduce food intake and body weight. Plantain flour is a good source of dietary fiber, protein, micronutrients and phytochemicals which makes it good functional ingredients in different food products; however, for the flour to be successfully used in food product formulation and product development, it must possess satisfactory functional properties (Atkinson et al., 2021; Ojo et al., 2018).

MATERIAL AND METHODS

Materials

Unripe plantain and white beans were purchased at Odo-oba market, Ogbomoso, Oyo State, Nigeria. The processing of unripe plantain and white flour were done at Food Processing Laboratory of LAUTECH, Ogbomoso.

Methods

Production of plantain and beans flour 

Plantain fingers were carefully detached from the bunch, sorted and cleaned. They were peeled and washed with clean water, sliced (10 mm), blanched (70 for 10 mins) and then dried in the cabinet drier (60 for 72 h), after which the dried samples milled, sieved and sealed in polythene bags (Falade and Olugbuyi, 2010). The white beans were cleaned and sorted to remove stones, dirt, and debris. The cleaned beans were weighed, soaked and dehulled manually. It was then dried at 60 °C for 20 h. The dried beans were dry milled to obtain the flour, after which it was, sieved and stored in sealed cellophane bags 

Preparation of plantain and Beans Composite Flour

The plantain flour was mixed with bean flour as a binder in various proportions (90:10; 80:20; 70:30 and 60: 40 w/w) to produce plantain and beans composite flour (Table 1). The composite flour samples were packed in zipped polyethylene bags and stored at room temperature until use. 

Table 1: Formulation of Flour Blends of Plantain and Beans/%

	Samples
	Beans flour
	Plantain flour          

	A
	90
	10                                 

	B
	80
	20                                 

	C
	70
	30                                 

	D
	60
	40                                 



Swallow food (Amala)was prepared from various formulation blends. The food prepared was subjected to various analyses. Which include: proximate analysis, mineral content determination, functional properties; bulk density; swelling index; water and oil absorption capacity and glycaemic index. Amalaobtained from various flour blends ware subjected to sensory evaluation using a preference test (Akinsola et al., 2018). 30 panelists including technicians of the Food Processing Laboratory and students of the Food Science department LAUTECH were employed. Quality attributes that were used in the evaluation of Amala were: color, aroma, appearance, mouldability, swallow-ability and overall acceptability using a nine-point hedonic scale quality analysis.



RESULTSAND DISCUSSION

Proximate composition of flour mixes from unripe plantain and beans

The proximate composition of the flour samples is presented in Table 2. The results revealed that the moisture content of the flour samples ranged between 6.033 % and 8.959 %, with sample C having the lowest value and sample B the highest. A consistent decrease in moisture content was observed with the addition of bean flour. This reduction in moisture is nutritionally and technologically relevant because lower moisture levels are directly associated with improved storage stability and extended shelf life. High moisture in flour products often promotes microbial growth and oxidative reactions, which accelerate spoilage and deterioration (Abano and Amoah, 2011). Therefore, the reduced moisture content in the composite flours containing beans can be considered an advantage, enhancing their stability during storage.

The protein content of the samples showed an increasing trend with the substitution of bean flour, ranging from 5.846 % to 7.299 %. Sample B recorded the lowest protein content, while sample D, which contained the highest proportion of bean flour, had the maximum value. The increase in protein content is expected since beans are naturally rich in protein, and their incorporation into the flour directly enhances the nutritional quality of the product. Notably, crude protein levels varied between 5.9 % and 7.4 %, with the highest concentration also found in sample D. This clearly demonstrates the potential of bean-enriched flour in addressing protein deficiency, especially in populations that rely heavily on carbohydrate-rich staple foods.

The fat content across the flour samples varied between 3.02 % and 6.61 %. Among them, sample B had the lowest fat content while sample D exhibited the highest. Despite these variations, all the samples were relatively low in fat, a desirable characteristic for consumers seeking healthier and lower-fat dietary options. Interestingly, sample A had the lowest fat concentration, while samples C and D presented moderate levels. The consistently low fat content in the flour samples suggests that they could contribute to reduced risks of diet-related conditions such as obesity and cardiovascular diseases.

The crude fiber content of the samples ranged between 1.0 % and 1.41 %, with sample B having the highest value and sample D the lowest. Although the differences among the samples were not statistically significant (p<0.05), the presence of dietary fiber is noteworthy. Crude fiber represents the indigestible portion of plant-based foods, which plays a crucial role in digestive health. According to Chukwu et al. (2013), diets rich in fiber have been associated with reduced risks of chronic health problems such as diabetes, hypertension, obesity, and hemorrhoids. The fiber content in these samples, although modest, contributes positively to the overall functional and health-promoting properties of the flour.

Ash content, which is a measure of the total mineral content, ranged from 3.28 % to 3.60 % across the samples. This parameter is important because it serves as a precursor for evaluating the mineral composition of food products, which in turn influences their physicochemical properties. Minerals are essential in maintaining proper body functions, and the relatively consistent ash content across the samples indicates a good level of mineral retention irrespective of bean substitution. Carbohydrate content, which formed the bulk of the proximate composition, ranged from 74.9 % to 78.9 %. Sample B had the highest carbohydrate content, while sample D recorded the lowest. The results showed a clear decline in carbohydrate levels with increasing substitution of bean flour. This trend aligns with the high protein content of beans, which partially replaces carbohydrates in the composite flour matrix (Zakpaa et al., 2010; Shared et al., 2012; Akinsanmi et al., 2015). From a nutritional perspective, the reduction in carbohydrate levels accompanied by an increase in protein and fiber content is advantageous, as it leads to a more balanced food product suitable for addressing both energy and nutrient requirements.
	
Table 2: Proximate analysis of the flour blends


	Sample
	Moisture
	Fat
	Ash
	Protein
	Crude fibre
	Carbohydrate

	A
	7.96±0.21b
	5.31±0.60a
	3.28±0.22a
	7.01±0.02b
	1.26±0.00b
	75.18±1.19b

	B
	8.86±0.14a
	3.09±0.11b
	3.49±0.64a
	5.90±0.08c
	1.41±0.00a
	77.23±0.97a

	C
	6.01±0.03d
	6.13±0.39a
	3.36±0.49a
	6.01±0.03c
	1.01±0.05c
	77.48±0.01a

	D
	7.36±0.09c
	6.02±0.84a
	3.60±0.22a
	7.36±0.09a
	1.00±0.00c
	74.66±0.89b


Mean in the same columns with different superscript were significantly different (P<0.05).
Key = A; 90:10, B, 80:20, C;70:30, D; 60:40 of unripe plantain and beans flour respectively

The mineral content of the flour is as presented in Table 3.The mineral ranged from 39.15 to 52.90mg/100g of calcium, 36.85 to 62.00mg/100g of potassium, 23.75to 30.20mg/100g of magnesium and 1.09 to 1.16mg/100g of iron with sample D having the highest value in calcium and phosphorus has shown in Table 3. Beans have a higher mineral content than plantain especially for potassium, iron and magnesium. Minerals are essential for the overall mental and physical wellbeing, and are important constituents for the development and maintenance of bones, teeth, tissue, muscle and blood. Mixing these flours can provide a balanced mineral profile, enhancing their utility in food blends aimed at improving nutrition, particularly in regions where mineral deficiencies are prevalent (Ngalani, 2019).

	Table 3: Mineral determination of the flour

	Samples
	Calcium (ppm)
	Potassium (ppm)
	Magnesium (ppm)
	Iron (ppm)

	A
	39.15±0.35c
	52.95±0.49c
	27.15±0.35b
	1.16±0.05a

	B
	43.95±0.21b
	36.85±0.49d
	30.20±0.28a
	1.09±0.00a

	C
	51.85±0.49a
	59.90±0.28b
	23.75±0.35d
	1.11±0.00a

	D
	52.90±0.42a
	62.00±0.28a
	24.75±0.21c
	1.12±0.00a




In-vitro starch digestibility test of the blended flour 

The results for In-vitro starch digestibility of the flour (rapid digestible starch, slowdigestible starch, and resistance starch and glycaemic index) ware shown in Table 4 below. The rapid digestible starch of the flour ranged from 34.66 % to 57.07 %.Sample A had the lowest value of 34.66 % while the Sample D had the highest value 57.07%.The rapid digestible starch differed significantly (p>0.05). Rapid digestible starch is rapidly broken down into glucose in the digestive system, providing a quick source of energy. This is particularly useful in foods designed to deliver -fast energy, such as sports nutrition products. It contributes to the texture and mouth feel of solid dough foods and other processed products. It affects the viscosity and gelation properties of dough, which can impact the final product's consistency and quality (Miao  et al., 2015).The value represents moderate to high level of rapidly digestible starch these levels are generally safe for most people when consumed as part of a balanced diet. They provide quick energy without excessively impacting blood glucose levels, if managed within a healthy dietary framework. RDS indicates a higher proportion of rapidly digestible starch, leading to faster energy release and potentially higher glycaemic impact, which could be beneficial in energy health implications. While safe for consumption; it is important to manage the intake of such products, especially for individuals with diabetes or disease needing to control blood sugar levels (Bello-Perez et al., 2020).

The slow digestible starch (SDS) of the flour ranged from 14.59 % to 16.26 % with sample D having the lowest value and sample A having the highest value. The slow digestible starch differed significantly (p>0.05).SDS is broken down more slowly in the digestive system compared to RDS. This slow breakdown provides a more gradual release of glucose into the bloodstream, offering sustained energy over a longer period. It helps in maintaining more stable 
Table 4: Glycaemic Index Determination
	Sample
	RDS (%)
	SDS (%)
	RS (%)
	GI (%)
	GL (%)

	   A
	  34.66±1.30b
	16.26±0.53a
	 16.62±0.52a
	51.41±1.66c
	40.12±1.05d

	   B
	  35.41±1.33b
	15.71±0.51ab
	15.71±0.51ab
	66.68±2.15a
	53.86±0.15a

	   C
	36.07±1.35b
	15.89±0.51ab
	15.89±0.51ab
	54.86±1.77bc
	43.99±1.00c

	   D
	57.07±2.14a
	14.59±0.47c
	14.91±0.47c
	59.91±1.93b
	45.89±1.24b


Mean in the same columns with different superscript were significantly different (P<0.05).
Key: RDS; Rapid Digestion Starch, SDS; Slow Digestion Starch, RS; Resistant Starch, GI; Glycaemic Index, GL; Glycaemic Load.
blood sugar levels, which can be beneficial in managing energy levels and avoiding spikes in glucose. It can impact texture and structure of swallow foods and other food products. It helps in creating a desirable consistency and moisture retention in food products. 14.59%to 16.26 % SDS indicate a moderate amount of slow digestible starch, providing a balance between rapid and sustained energy. It can enhance satiety and support digestive health without excessively impacting blood sugar levels. While 15.88 % represents a moderate level of SDS, leading to more pronounced benefits related to sustained energy release and digestive health, with potentially enabling glycaemic control. Foods with moderate to high SDS levels are safe for consumption and it can help manage blood glucose levels more effectively compared to those high in rapidly digestible starch (RDS).This makes them suitable for individuals seeking to manage their glycaemic response.
The resistant starch content of the flour samples ranged between 14.91 % and 16.62 %, with sample D recording the lowest value and sample A the highest. The differences in resistant starch (RS) content among the samples were statistically significant (p>0.05). Resistant starch is recognized as an important functional component of foods because of its unique physiological benefits. It acts as a prebiotic by selectively promoting the growth and activity of beneficial gut microbiota, thereby supporting digestive health and enhancing immune function. In addition, RS contributes to improved satiety by enhancing the feeling of fullness, which can aid in appetite regulation and weight management through a reduction in overall calorie intake. A resistant starch content of around 15.8 % is considered relatively high, conferring significant health-promoting benefits such as improved digestive function, better appetite control, and enhanced glycemic regulation. From a food technology perspective, resistant starch also plays a role in improving product quality, as it helps retain moisture, enhances texture, and contributes to the structural stability of baked and processed foods, thereby extending shelf life.
The glycaemic index (GI) of the flour samples varied significantly (p<0.05), with values ranging from 51.41 to 66.68. Samples A and C had relatively low GI values, which are indicative of foods that release glucose more gradually into the bloodstream. Such foods are beneficial for individuals with diabetes, pre-diabetes, or those aiming to maintain steady blood glucose levels, as they prevent sharp spikes and crashes in blood sugar. In contrast, sample B exhibited a medium-to-high GI value, suggesting that it would cause a more rapid increase in blood glucose. This property may make it less suitable for diabetic individuals or those particularly sensitive to glycaemic fluctuations. Sample D, with a medium GI value, represents an intermediate option as it produces a moderate glycaemic response. Taken together, the GI profile of the samples suggests that samples A and C are most appropriate for diabetic management and long-term metabolic health, while sample B should be consumed with caution, and sample D may be considered moderately suitable for individuals desiring balanced glycaemic responses.
The glycaemic load (GL), which provides a more comprehensive measure by considering both the quality (GI) and quantity of carbohydrates consumed, ranged between 40.12 and 53.86 across the samples. As expected, lower GL values indicate a lower overall glycaemic impact, whereas higher values suggest greater blood sugar elevations. Sample A recorded the lowest GL, signifying that it would exert the least influence on postprandial blood glucose, making it particularly beneficial for individuals with diabetes or those pursuing blood sugar controls. Conversely, sample B displayed the highest GL, reflecting the greatest glycaemic burden, which may pose challenges for individuals managing diabetes or metabolic syndrome. Samples C and D demonstrated moderate GL values, suggesting they would have intermediate effects on blood sugar levels and could be acceptable choices for individuals seeking moderate glycaemic control. The differences in glycaemic load among the samples were statistically significant (p<0.05), further highlighting the impact of flour composition on the metabolic responses of consumers.
Overall, the combined results of resistant starch, glycaemic index, and glycaemic load analyses provide critical insights into the nutritional and functional quality of the flour samples. While all samples contain beneficial levels of resistant starch that support digestive and metabolic health, samples A and C stand out as the most suitable for individuals requiring strict glycaemic control, whereas sample B may be less desirable due to its higher GI and GL values. Sample D occupies a middle ground, offering moderate suitability for balanced dietary planning.
Functional Property of the Flour
The results of the functional properties of the flour samples are presented in Table 5. The water absorption capacity (WAC) of the flours ranged from 18.9 to 21.0 g/g, with samples A and B recording the lowest values, while samples C and D exhibited the highest values. An increasing trend in WAC was observed with progressive substitution of bean flour. This implies that the incorporation of bean flour enhanced the ability of the composite flours to bind water. Differences in water absorption capacity are largely attributable to variations in starch granule size and the proportion of hydrophilic components present in the flour blends. Smaller granules or higher amounts of protein and fiber can increase the capacity of flours to absorb and retain water. Since WAC measures the volume occupied by starch granules or polymers after swelling in excess water (Amadeu et al., 2024), the higher values obtained in bean-substituted samples suggest an improvement in hydration properties, which is highly relevant for applications such as baking, thickening, and texturizing in food systems.
The swelling capacity of the flours ranged between 36.36 g/g and 63.17 g/g, with sample A having the lowest swelling power and sample C the highest. An increase in swelling capacity was particularly evident when 30% bean flour was added, highlighting the role of bean incorporation in enhancing starch functionality. Swelling capacity is influenced by the ability of starch molecules, particularly amylopectin, to imbibe water and expand upon heating. It has been noted that swelling power generally increases with heat application, which disrupts the crystalline structure of starch granules and promotes hydration (Natabirwa et al., 2018). The higher swelling power of the bean-substituted samples indicates potential suitability for food products that require high viscosity and thickening ability, such as porridges and baked goods.
The bulk density of the flours ranged from 0.772 g/ml to 0.838 g/ml, with sample A recording the lowest value and sample D the highest. The increase in bulk density with bean flour addition is notable, as bulk density is an important parameter in determining handling, processing, and packaging requirements. A higher bulk density implies that more material can be packed within a given volume, which has implications for both storage and transportation. From a technological perspective, this increase suggests that the flours can be packaged more economically without significantly altering their handling properties (Amini et al., 2020). Bulk density is generally influenced by particle size distribution, flour porosity, and intrinsic density. The observed variations therefore highlight the role of bean substitution in modifying the structural and packing properties of the flour.
Finally, the results of the functional properties indicate that bean substitution significantly enhanced water absorption, swelling capacity, and bulk density. These improvements suggest that the composite flours could have broader applications in the food industry, particularly in the production of baked products, weaning foods, and other formulations where hydration, viscosity, and packaging efficiency are critical factors.

	Table 5: Functional property of the flour blends

	Sample
	Water Absorption Capacity (%)
	Swelling Capacity 
(%)
	Bulk Density
(g/dm3)

	A
	20.450±0.778a
	36.355±0.007d
	0.773±0.001b

	B
	18.750±0.212b
	60.030±0.014b
	0.837±0.001a

	C
	21.000±0.000a
	63.170±0.014a
	0.836±0.000a

	D
	21.000±0.000a
	51.240±0.028c
	0.838±0.000a


Mean in the same columns with different superscript were significantly different (P<0.05).

The results of the sensory evaluation of Amala prepared from blends of unripe plantain and beans flour are presented in Table 6. The sensory parameters assessed included appearance, mouth feel, aroma, taste, texture, and overall acceptability, which are critical indicators of consumer preference and product quality.

For appearance, the scores ranged from 5.63 to 7.47. Sample B, which consisted of 80% unripe plantain flour and 20% beans flour, recorded the highest score (7.47), while sample D had the lowest score (5.63). The high score for sample B indicates that panelists found its visual quality; such as color, smoothness, and general appeal; more attractive compared to the other samples. Since appearance is often the first attribute consumers notice, the better performance of sample B suggests that partial substitution with beans flour at 20% improves the overall visual acceptability of Amala.
In terms of mouth feel, sample B again received the highest score (7.37), while sample D recorded the lowest (6.32). The significant differences observed among the samples (p<0.05) highlight that variations in flour composition had a direct effect on the tactile perception of the product in the mouth. The preference for sample B suggests that its blend ratio provided a smoother and more palatable texture, while higher levels of beans substitution may have resulted in a less desirable consistency, as seen in sample D.
For aroma, scores ranged from 6.20 to 7.00. Sample A had the lowest rating, whereas sample B once again ranked the highest, indicating that the inclusion of 20% beans flour enhanced the aroma of the product. Aroma is a key factor influencing food acceptability, and the favorable rating for sample B shows that this formulation appealed more strongly to the panelists’ olfactory senses compared to other blends.
The taste scores varied significantly (p<0.05) among the samples, ranging from 6.74 to 8.05. The highest taste score was obtained for sample B, while the lowest was recorded for sample D. Taste is generally the most decisive factor in consumer preference, and the result clearly shows that panelists favored the moderate beans substitution level in sample B. Importantly, all the blends were rated as satisfactory, and their taste was found to be comparable to Amala produced from more conventional flours, indicating that unripe plantain-beans flour blends can be viable substitutes without compromising taste quality.
Regarding texture, values ranged from 5.79 to 7.74. Sample B once more recorded the highest score, while sample D had the lowest. Texture is influenced by several factors, including the method of mixing, temperature, processing techniques, and the type of beans used in the formulation. The significant differences (p<0.05) across samples suggest that formulation ratios directly impacted the textural attributes of the Amala, with moderate substitution (20% beans flour) producing the most desirable results.
The overall acceptability scores ranged from 6.26 to 7.89. Sample B emerged as the most preferred (7.89), while sample D was the least acceptable to the panelists. The results demonstrate that the sample with 80% unripe plantain and 20% beans flour was consistently rated highest across all sensory attributes, making it the most acceptable formulation.
In conclusion, the sensory evaluation indicates that partial substitution of unripe plantain flour with beans flour, particularly at 20%, produces Amala with superior sensory qualities in terms of appearance, mouthfeel, aroma, taste, texture, and overall acceptability. These findings suggest that such blends not only enhance the nutritional profile of the product but also maintain, and in some cases improve, its sensory appeal, making it a suitable alternative to Amala produced from other traditional flour sources.


Table 6: Sensory Composition of the Product
	Sample
	Appearance
	Mouth Feel
	Aroma
	Taste
	Texture
	Overall quality

	A
	6.80±1.58a
	6.90±1.41
	6.20±1.61
	7.10±1.41b
	6.75±1.62b
	7.25±1.02ab

	B
	7.47±1.71a
	7.37±1.54
	7.00±1.94
	8.05±1.08a
	7.74±1.69a
	7.89±1.82a

	C
	6.63±1.89ab
	6.63±2.06
	6.84±1.39
	6.74±1.69b
	6.47±1.61b
	7.05±1.31ab

	D
	5.63±1.34b
	6.32±1.73
	6.37±1.98
	6.79±1.48b
	5.79±1.13b
	6.26±1.63b



Conclusion and Recommendations
The development of functional foods from blends of plantain and beans flour has shown great potential in addressing nutritional deficiencies and promoting health. The research's findings indicated that the blended flours can be used to create high-protein, high-fiber, and nutrient-dense food products that are rich in resistant starch which helps to lower glycaemic index. The sensory evaluation revealed that the products were appealing to consumers, making them a viable option for commercial production. Food manufacturers should consider incorporating plantain and beans flour blends into their product lines to enhance nutritional content and appeal to health-conscious consumers. Also policymakers should support initiatives that promote the development and commercialization of functional foods particularly in regions where nutritional deficiencies are prevalent. And further research should be conducted to explore the potential of plantain and beans flour blends in addressing specific health conditions such as diabetes and cardiovascular disease. Consumers should be educated on the benefits of functional foods and encouraged to incorporate them into their diets to promote overall health and well-being. By implementing these recommendations, we can harness the potential of plantain and beans flour blends to improve public health, support sustainable food systems, and contribute to the development of a healthier and more nutritious food product.
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