


Chemical, Functional and Sensory Characterization of Non-Commercial Unripe Banana (Musa acuminata Colla (AAA-EA) Based Blends for Healthy Custard Food


Abstract
The global reliance on refined wheat-based custard powders, often low in protein and fiber, raises nutritional concerns, particularly for individuals seeking healthier, plant-based alternatives. Additionally, underutilized crops like unripe bananas, oyster mushrooms, and soybeans despite their high nutrient density remain underexplored in functional food formulations. This study developed and characterized nutrient-enhanced custard blends from non-commercial unripe banana (Musa acuminata Colla AAA-EA), oyster mushroom (Pleurotus ostreatus), soybean, and sweet potato flours. The composites were analyzed for proximate composition, functional properties (bulk density, water absorption capacity), and sensory attributes. Results revealed that soybean flour and mushroom flour elevated protein content (up to 20.21%), while unripe banana flour and mushroom flour boosted fiber by (9.31%) in some blends. Blends with 10-20% mushroom flour exhibited optimal functional properties, and composite S (70% banana, 10% mushroom, 20% soybean, 10% sweet potato flour) achieved the highest sensory acceptability, rivaling commercial custard in taste, texture and functional properties. The study demonstrates that strategic blending of underutilized crops can yield high-protein, high-fiber custard powders with desirable functional and sensory qualities. These findings offer a viable, nutrient-dense alternative to conventional custards, supporting efforts to combat malnutrition and promote dietary diversification through locally sourced ingredients.	Comment by SRUTHY P M: Which are often...	Comment by SRUTHY P M: fibre	Comment by SRUTHY P M: Check fibre spelling
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Introduction
High in fiber and other important nutrients, bananas are produced worldwide in large quantities. Many people worldwide consume bananas for their nice taste. Bananas are a nutrient abundant fruit and essential for human wellbeing and health (Singh and Raghuvanshi, 2012). Food consumption determines the health of an individual so prioritizing the quality of diet is paramount in addressing issues of shortages in food and efficiently managing malnutrition.	Comment by SRUTHY P M: Rewrite with more attractive sentence	Comment by SRUTHY P M: Missing in the reference section
Bananas also contain vitamins, carbohydrates, bioactive compounds (flavonoids, polyphenols, carotenoids and many other phytochemicals). These bioactive compounds help to counter activities of oxidizing agents in the body (antioxidants), prevent inflammation, have a positive influence on heart health and have anti-cancer properties ((Fried and Nezin, 2017; Akbari et al., 2022). Bananas have been reported to offer significant amounts of energy for daily activities and to aid retain some micronutrient (calcium and Nitrogen) in the body (Mizera and Mizera, 2019; Aljaloud et al., 2020). These elevated nutrients both micro and macro positions banana especially non-commercial ones as a good base for production of high quality food with blends of mushrooms and soya beans flour to increase their quality. 	Comment by SRUTHY P M: Missing in the reference section	Comment by SRUTHY P M: Missing in the reference section	Comment by SRUTHY P M: Missing in the reference section	Comment by SRUTHY P M: Missing in the reference section
Oyster mushroom, Pleurotus ostreatus is of family Agaricaceae and belongs the class of mushrooms called Basidiomycetes. The cultivation of oyster mushrooms has increased over the years and the kind of proteins it contains is highly available for growth and maintenance of the body (high nutritional effectiveness) and are good for consumption for all groups of people (children, adults and aged groups) (Nongthombam et al. 2021).
Oyster happens to be one of the highest cultivated mushroom species and it consumption has increased over the years for it sensory attributes and nutritional value (Pokhrel, 2016). Mushrooms are made up of high value minerals such as potassium, iron, and phosphorus and also has more than halve of it dry weight made of carbohydrates, a third of proteins, low amount of fats and high amount of Vitamin C and D (Nongthombam et al. (2021). Eatable mushrooms most often are considered as meat from a non-animal source and are used as a flavoring agent in the food industry and additionally to prepare a wide range of delicious and tasty meals (Haas and Paty, 2009). Ayala et al. (2022) suggested that oyster mushrooms could be utilized in the fight against protein deficiency. These qualities make oyster mushrooms an inclusive food source for both vegans, vegetarians and non-vegetarians and therefore forms an important source of composites for healthy foods. Bioactive compounds (antioxidants, anti-inflammatory, cardiac friendly and anti-cancer), amplifies the attention in mushrooms for industrial and scientific applications (Pokhrel et al. 2006).	Comment by SRUTHY P M: Check reference, the author's last name only will come first	Comment by SRUTHY P M: Missing in reference section 
There has been increase trends in global consumption of soybeans due to it hailed colossal health gains (Lokuruka, 2011). Soybean principally offers two basic macronutrients (proteins and lipids). In every 100 grams of soybeans, proteins contain about 40 grams, while oils have about 20 grams (Tukamuhabwa et al., 2017). Soybeans contain in high amount both indispensable and dispensable amino acids. The affluence of the amino acid lysine in soybeans is remarkable (Oshaba et al., 2021) and thus soybeans in composites can help boost immune function, build proteins, repair worn out tissues and promote enzyme production. 	Comment by SRUTHY P M: Missing in the reference section	Comment by SRUTHY P M: Missing in the reference section	Comment by SRUTHY P M: Missing in the reference section
Many unripe banana blends research have been reported, with various components including mushroom powder, sweet potato and soybeans flour separately used. Most research done so far are on wheat based blends with unripe banana, mushrooms, soybeans, sweet potato flours and other composite materials, separately blending them for crackers (Mustapha et al. (2024), biscuits (Mashau et al. 2022), Ajayi and Oyetayo. (2023), and (Uukule et al. 2020), and noodles (Akubor et al. 2023). Akinbode et al. (2023), used sorghum, sweet potatoes and mushroom protein for cookies. The number of composites materials in most cases did not surpass three. None involved the use of these four composites which may provide more advantages as healthy foods. Underutilized crops like unripe bananas, oyster mushrooms, and soybeans despite their high nutrient density remain underexplored in functional food formulations. This study was therefore designed to developed and characterized nutrient-enhanced custard blends from non-commercial unripe banana (Musa acuminata Colla AAA-EA), oyster mushroom (Pleurotus ostreatus), soybean, and sweet potato flours. We set out research questions to address these research gaps. 	Comment by SRUTHY P M: Put like an objective of the study
i) What is the nutrient content of composite materials and how does blending affect nutrient content of the base material (RBF)?
ii) How does blending affect food functional properties and sensory scores of food samples?
iii) Which composite materials influence nutrient content, functional properties and sensory attributes of blends and how?
As these research questions were constituted, we drew up objectives to addressed these questions as follows:
i) To determine the nutrient content of composite materials and constitute blends to improve on nutrient content of blend baseline (RBF);
ii) to assess some food functional properties and sensory attributes of composite materials and blends; and
iii) to examine the influence of nutrient content of composite materials on nutritional value, food functional properties and sensory appeal of blends.  
Materials and Methods
Materials	Comment by SRUTHY P M: Collection of raw materials
Raw bananas, sweet potatoes tubers, oyster mushrooms and soybeans were purchased from markets around the study area. Materials used for proximate analysis, food functional properties were of analytical standards. Standard rooms were used for sensory evaluation tests. 	Comment by SRUTHY P M: Which variety was used? Mention that 	Comment by SRUTHY P M: Write in a separate heading
Methods
Production of Raw Banana Flour (RBF)	Comment by SRUTHY P M: Please check the font in the picture, make it a uniform font
A modified method of Adeola et al. (2019) was used for raw banana flour production. Unripe cooking banana was sorted. The sorted fingers were washed and peeled using a stainless steel knife. The banana fingers were thinly sliced and were blanched for 3 minutes. The sliced chips were drained and dried using a designed natural convection solar dryer for three days to a constant weight. The chips were milled using a local milling machine. The milled flour was sieved into fine flour using a 250 µm sieve and packaged hermetic bags for further use. 	Comment by SRUTHY P M: Missing in the reference section

 
Picture 1. Production of Raw Banana Flour 


Production of Soybeans Flour (SF)
A slightly modified method of Afroz et al. (2016) was employ for soybeans powder production. Soya bean seeds were blanched by placing in boiling water for 30 minutes. Blanched seeds were then drained using a drainer. The drained seeds were then dehulled and dried at 40 0C for 14 hours using an active dryer designed from aluminum materials with gas as a source of heat. The dried seeds were then ground using a local milling machine into powder, sieved into fine soybean flour using a 250 µm sieve and stored in hermetic bags for further use.	Comment by SRUTHY P M: Missing in the reference section

Picture 2. Production of Soybeans Flour 

Oyster Mushroom Flour (MRF) Production
This was done in accordance with the protocol of Ekunseiten (2016) with modifications. The fresh mushroom obtained, were destalked and pilei separated and pretreated with 1% potassium and dried in locally designed natural convection dryer with reflective source to constant weight for 24 hours. It was then milled using a local manufactured hammer milling machine and sieved using a 250 µm sieve to obtained the flour. The flour was then packaged in hermetic bags ready for use. 	Comment by SRUTHY P M: Missing in the reference section 

Picture 3. Oyster Mushroom Flour 


Sweet Potato Flour (SWF) Production
Sweet potato flour was produced following the protocol described by Tetyana et al. (2023) with modifications. The tubers were sorted, washed and peeled. The tubers were then sliced into 4mm diameter and 2mm in thickness. These slices were placed on trays and trays were put into a convective dryer design of black aluminum sheets and aluminum reflective surfaces for 24 hours until no further change in weight was recorded. The dried slices were then milled using a hammer mill and then sieved with a 250 µm to obtain sweet potato flour. The flour was stored in hermetic bags at room temperatures (22-26 0C).  	Comment by SRUTHY P M: Missing in the reference section

Picture 4. Sweet Potato Flour 

Development of Composites

Table 1. Eight treatments (%) were formulated using unripe banana, mushroom flour and soymilk, as shown in Table 1.
	Sample 
	RBF/%
	MRF/%
	SF/%
	SPF/%

	R
	70
	20
	10
	10

	S
	70
	10
	20
	10

	T
	60
	20
	20
	10

	U
	80
	10
	10
	10

	V
	60
	30
	10
	10

	W
	80
	15
	5
	10

	X
	90
	5
	5
	10

	Y
	100
	0
	0
	10

	Z
	Commercial Custard
	
	
	


Raw Banana Flour(RBF), Mushroom Flour(MRF), Sweet Potato Flour (SPF), Soybeans Flour (SF) and %, Percentage
Percentage Moisture Determination
The percentage moisture (V) of composites was assessed by taking weight of 11 g of drying food materials in three replications of at 1070 C for 23 hours and each time after cooling in a desiccator, the samples were reweighted. The percentage moisture was computed as sample weigh loss (F) per weight of original sample (A) (1). 	Comment by SRUTHY P M: Put the exact symbol of degrees Celsius (℃) 

Percentage Ash/Mineral Determination 
The ash percentage (PA) was computed by measuring three grams of dehydrated sample, which was weighted and transferred into a desiccated porcelain dish and was then heated at 590 0 C in a muffle furnace for 7 hours. The sample was then allowed to cool in a desiccator and the weight taken. The ash percentage was then calculated by taking the weight of ash (WA) on desiccator per weight of sample (WS) (2):

Percentage Fat Determination
Percentage fat was evaluated with the aid of Soxhlet extraction method (AOAC, 2010). Percentage of fat (PF) was computed by weight loss of extracted fat (EF) per weight of original food material (3). 	Comment by SRUTHY P M: Use the latest reference in all quality parameter tests 

 Crude Protein Percentage Determination
The Kjeldahl procedure was employed to quantify crude protein percentage content in accordance with (AOAC, 2010). Nitrogen percentage (NP) was computed as (4): 	Comment by SRUTHY P M: missing
                                                    (4)
WS = Sample Weight; E = Equivalent concentration of the nitrate (0.1N), Vd = Total volume of the digest (100 ml), Ti = Titre value and Ps = a purified sample volume. Crude protein percentage (CP) was estimated using (5): 

Crude Fiber Percentage Determination
Some 3.00 g of the food material was fat trimmed in 200 ml of N-hexane for 2 hours in a 250 ml conical flask; A 5 M sulfuric acid (200ml) was put into the flask containing the mixture and caused to boil for 29 minute under reflux. The resulting solution was quickly separated with the aid of a filter paper through suction. The residue on the filter paper was repeated washed using hot water (distilled), to free it from acid, and then dehydrated an oven at 104°C, to constant mass and allow to cool in desiccators, and weighed (E). The acid free residue was placed into a flask, then aqueous 5 M NaOH (200ml) was added. The mass of sample weighted is allow to burn in a muffle furnace at 560°C for 1 hour 50 minutes, and allow to cool in desiccators. The weight is taken again (F). The percentage crude fiber was computed using (6). 
                              
Where
 E = Crucible weight + residue (dried) (g) 
F = weight of crucible with Ash weight + Crucible(g)
 WS = Sample weight (g)
Total Carbohydrate
The carbohydrate percentage content (PC) was estimated according to FAO (1982) by difference as follows (7): 

 Where, M = Moisture, A = Ash, P= Proteins, CP = Crude fiber and L = lipid
Energy Content
The energy content will be established following the method employed by Emmanuel &Folasade, (2011) by applying the formula (8);
[bookmark: _Toc389472490]Energy (K cal /100g) = (Crude lipid 8) + (Crude protein  2) + (Carbohydrate  4)              (8)
[bookmark: _Toc389472491]Food Functional Properties of the composite flours
Bulk density determination 
[bookmark: _Toc389472492]The bulk density of the flour was quantified according to the procedure described by Hasmadi et al. (2021). The flour sample (40g) was placed into a clean 100ml cylinder that is graduated, the initial volume the flour occupies in 100ml graduated cylinder is noted. The cylinder is then tapped severally until a constant reading on the cylinder is gotten. The raw banana flour weight (s) in grams per part volume (f) in milliliters of sample gives the bulk density (d), equation 9.	Comment by SRUTHY P M: missing


Water absorption capacity determination 
The water absorption capacity (WC) of the flour samples was derived according to the protocol described by Bashir et al. (2017). The water absorption capacity was stated as mass in grams (k) absorbed by water per gram of raw banana flour (t) (10).	Comment by SRUTHY P M: Missing

Gelatinization Temperature Determination
Gelatinization temperature was determined using a modified method of Rittenauer et al. (2021). A given amount of sample (15g), was mixed with 150ml of distilled water in beaker. The mixture was homogenized by stirring with a stirring rod and then placed on a hot plate. The mixture was gradually heated while carefully controlling the, temperature (increasing temperature of 20C every minute). Even distribution of heat was ensured by continuous stirring the mixture. The spindle of the viscometer was gently dipped into the slurry. The temperature at which there was rapid change in viscosity (rapid decreased in viscosity) was noted as the gelatinization temperature. 
Swelling Percentage Determination
The swelling percentage was done in accordance to the protocol employed by Awolu (2017). Where a given amount of food material (25g) of each sample was put into a measuring cylinder. 160 ml of distilled water was then added and was rested for five hours and the degree of swelling was then observed. The swelling percentage (SP) was then calculated using formula in equation (10), where volume of sample before soaking in distilled water (S), was subtracted from volume of sample after soaking T, per weight of sample (W) multiplied by 100.

Multiple Regression Analysis (MRA)
MRA was performed in accordance with Awolu (2017), using the formula (12). 
Y= 0 + 1X1 + 2X2…………..+ ε
Where Y= Dependent variable, 𝛽= unknown parameter, X = independent parameter and ε = error term, 𝛽0 = Y-value when all independent variables are equal to zero, 𝛽1 = Regression Coefficient
Custard Preparation	Comment by SRUTHY P M: Picture clarity check it
The method used by Awoyale et al. (2017) with some modifications was used to prepare custard. Some 15 grams of raw banana flour was mixed with 50 milliliters of water in 100 ml bowl. While mixing, 100mls of water was placed on a Bunsen burner to boil. 75 milliliters of the hot water were poured into the paste of raw banana flour and cold water. This was stirred gently to obtain a homogenous mixture. 	Comment by SRUTHY P M: missing	Comment by SRUTHY P M: italize	Comment by SRUTHY P M: mls? mL
[bookmark: _Toc389472494] 
Picture 5. Custard Preparation
Sensory Attributes of the cooked custard
Sensory attribute test was done in accordance with Malindi (2021). A hedonic scale of nine points: 1-dislike extremely, 2-dislike very much, 3- dislike slightly, 4- dislike moderately, 5- neither like or dislike, 6- like slightly, 7- like moderately, 8- like very much and 9- like extremely were used to determine the color, taste, flavor, appearance, consistency, mouthfeel and general acceptability. Each sample of cooked custard was presented to the panelist made up students of the food science department of Modibbo Adama University labelled with randomized alphabetic letters and their perception of the cooked sample was recorded into a score sheet. The panelists rinsed the mouth with clean water before tasting the next sample. 	Comment by SRUTHY P M: missing
Data Analysis
Data collected for proximate analysis, bulk density, WAC, gelatinization temperature, swelling percentage and sensory attributes were subjected to ANOVA using Genstat software. Multiple regression analysis was carried out to determine the impact of blending on macro nutrients, food functional properties and sensory attributes under study. Differences of p value <0.05 were considered, statistically significant and means separations were done using New Duncan Multiple Range Test or Least Significant Difference as appropriate. The mean results from analysis of variance were presented on tables or charts. 
Results and Discussions
Moisture and Macro Nutrient Content of Composite Materials
The nutrient content of the materials used in formulations were tested to attest nutrient quality with respect to moisture content and macro nutrients (Table 2). All macro nutrient components and moisture showed extreme dependence on the type of composite material. A very high moisture content value was observed in sweet potato flour (19.69%) compared to other treatments. This falls within the range observed by Ejemole (2021). The presence of hygroscopic sugars and starches in sweet potatoes can attract water, explaining the high moisture content of sweet potato flour (SWF).  The least moisture content was recorded in oyster mushroom flour (4.44%), which disagrees with results obtained by Uukule et al. (2023). This difference may be explained by the dissimilarity in drying methods used in both cases. Banana moisture content of 6% is comparable to 6.63% obtained by Thakur, Pawar and Shere (2016). 	Comment by SRUTHY P M: missing
Our study revealed that banana flour recorded a significantly higher value for ash (7.67%) compared to other treatments. This disagrees with low levels (0.59%) reported by Thakur et al., (2016) possibly due to use of heat treatment in their study, that decreased ash content. Soybeans flour recorded outstanding protein content (42.02 %) compared to other materials. This was comparable to 40% reported by Tukamuhabwa et al. (2017). The protein content of mushroom flour (8.32%), is below that reported by (Nongthombam et al. (2021), possibly due to variety differences. Banana flour had highest fiber content (13.22%) compared to mushroom flour (8.32%) which was above that of sweet potato and soybeans flours. Banana flour has been reported to be rich in fiber which has far health reaching benefits (Mashua et al. 2024). The fiber content in mushroom (8.32%) was comparable to 9.45% reported by Uukule et al. (2020). 	Comment by SRUTHY P M: missing	Comment by SRUTHY P M: missing	Comment by SRUTHY P M: missing	Comment by SRUTHY P M: Check all references and et al make it italics 
Table 2: Chemical Composition of Materials used for Blends Formation
	TRT
	Moist	Comment by SRUTHY P M: expand
	Dry M	Comment by SRUTHY P M: expand
	Ash
	Protein
	Fiber
	Fat
	Carbs
	Energy

	RBF
	6c	Comment by SRUTHY P M: All groups, such as a,b,c, etc put in superscript
	94b
	7.67a
	6.48b
	13.22a
	1.71b
	61.64c
	294.7d

	SF
	8.67b
	91.33c
	5.33b
	42.02a
	0.03c
	21.22a
	28.42d
	487.1a

	MRF
	4.44d
	95.56a
	3.67c
	8.23b
	8.32b
	2.26b
	77.86b
	336.2c

	SWF
	19.69a
	80.31d
	3.36c
	7.92b
	0.34c
	0.46c
	88.57a
	369b

	GM
	9.24
	90.76
	5.36
	16.33
	4.45
	5.38
	66.96
	370.3

	MSE
	0.67
	0.67
	0.18
	2.45
	0.52
	0.93
	3.21
	12.5

	LSD
	1.12
	1.12
	0.58
	2.18
	1.02
	0.36
	2.84
	6.3

	PαF
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	<0.0001

	SD
	***
	***
	***
	***
	***
	***
	***
	***


Key: Values are means of four replications determination. Different letters on the same column represent the statistical difference (p<0.05). LSD= Least significant difference, Moist= Moisture content, Dry M= Dry matter, carbs= Carbohydrate, TRT= Treatment, ***= highly significant, SD = Significant difference, GM, Grand mean, RBF= Raw Banana flour, SF = Soya beans flour, MRF= Mushroom Flour and SWF= Sweet potato Flour. 
Fat content varied extremely among composite materials. Soybeans flour (SF) had the highest amount of fat (21.22%) compared to other composite materials. This was comparable to 28.2% obtained by Etiosa et al. (2017). Carbohydrate content was dependent on the type of composite material. Sweet potato flour (SWF) recorded the highest content (88.57%), while soybeans flour the least (28.4%), though it registered the highest energy content. The least carbohydrate content and highest values in SF were comparable to those reported by Etiosa et al. (2017). 
Moisture and Nutrient Content of Blends Compared to Baseline Material (RBF)	Comment by SRUTHY P M: All subheadings should be bold
Table 3, shows moisture and macro-nutritional content of blends. The blending of flour composites highly affected the nutrient content (p<0.001). Proteins content increased tremendously in six and carbohydrates in five blends compared to RBF. Increase in protein content in most blends was associated to separate contributions of SF and MRF (R2 adjusted, 0.925 and R2, 0.953 MRF (p<0.001) and SF (p=0.003)) shown in Table 4. Content of protein was raised highest by 211.23% (sample V) and by 17.59% in the most acceptable sample S compared to base of blends (RBF). The least protein containing blend (Y) was not significantly different from that of RBF. This was because Y had 100% RBF, without SF and MRF and only 10% of SWF which could not significantly raise protein content. Blends with 20% SF (S, T) showed increase in protein (7.62–14.13%) compared to RBF. Even 30% MRF (V) boosts protein compared to RBF, but less than SF (Table 4). Arukwe et al. (2025) observed an increased in protein content of wheat based bread proportionate to increase oyster mushroom rates. Low protein content blends, X (RBF:90 MRF:5% SF:5% SWF:10%) and Y (100% RBF and 10% SWF) was compatible with RBF (6.48%). The range of protein content of 6.61-20.21% falls within that reported by Victor-Aduloju (2025), Mustapha et al. (2024) and Akinbode et al. (2023). 
Moisture content of the composites was highly different among the blends. The commercial custard registered the highest moisture content while composite R (RBF:70% MRP:20% SBP:10% SWP:10%), had the least moisture content of all the composites. The moisture ranges of 6-10.75% in blends and commercial custard, concurs with the findings of Akubor et al. (2023), Victor-Aduloju et al. (2025) observed in mushroom incorporations of 7.12% to 16.73%, and Uukule et al. (2020) with mushroom incorporations of 5-15% in composites. The moisture content recorded in blends is within acceptable limits for save storage of products. Reduction in moisture, inhibits spoilage by decreasing fungi and bacterial proliferation and activities, hence enhancing product shelf-life (Akhtar et al. 2008).	Comment by SRUTHY P M: missing
 Blending of composites affected ash content. All blends revealed reduced ash content compared to RBF (5.11–6.67%) due to lower ash in SF (5.33%) and SWF (3.36%) composite materials. Best retention blends for ash, R and V (RBF:60% MRF:30% SF:10% SWF:10%) contained 20-30% MRF and maintained higher ash content (5.89–6.67%). Composites T (RBF:60% MRF:20% SF:20% SWF:10%) of 6.33% and V (6.67%) had the highest ash content. Our observation that increase in MRF and SF led to proportionately increase in ash content in blends was confirmed by regression analysis (R2 adjusted, 0.786 and R2, 0.876, MRF (p=0.007) and SF (p=0.025)). Composite X (RBF:90% MRF:5% SF:5% SWF:10%) had the least ash content. The range of ash (5.11-6.67%) concurred with the findings of Victor-Aduloju et al. (2025). This was however, higher than values reported by Uukule et al. (2020) and Akubor et al. 2023, who reported ash range of 1.03 and 1.80%. This difference could be explained by the type of materials used for the composites and possible difference in cultural practices used in crop production of composites.
Fiber content in blends was significantly impacted by composite rates. Increase in RBF in blends increased fiber content and a surge in SF decreased fiber content of blends except balanced with MRF, confirmed by regression analysis (R2 adjusted, 0.731 and R2, 0.842, RBF (p=0.015) and MRF (p=0.042)).  Blends with 20–30% MRF (R, T and V) retain moderate fiber (8.83–9.37%). 
Table 3: Moisture Content and Macronutrients of Blends
	TRT
	Moist
	Dry M
	Ash
	Protein
	Fiber
	Fat
	Carbs
	Energy

	R
	6d	Comment by SRUTHY P M: Superscript  -all groups
	94a
	5.89b
	14.3b
	9.15b
	3.45d
	67.05d
	312.67f

	S
	6.67c
	93.33b
	5.33c
	7.62d
	6.1c
	6.3a
	77.22b
	350.86c

	T
	7c
	93b
	6.33a
	14.13b
	9.37b
	5.51b
	64.65e
	339.93e

	U
	6.86c
	93.11b
	6.11b
	12.25c
	6.4c
	4.51c
	70.51c
	328.13e

	V
	6.67c
	93.33b
	6.67a
	20.21a
	8.83b
	4c
	58.92f
	334.97e

	W
	6.44c
	93.56a
	5.67b
	13.13b
	5.33c
	2.22e
	75.02b
	330.1e

	X
	6.33c
	93.33b
	5.11c
	12.07c
	3.62d
	6.31a
	74.23b
	366.1b

	Y
	7.56b
	92.44c
	5.67b
	6.61d
	13.1a
	2.3e
	71.98c
	317.1f

	Z
	10.75a
	89.25d
	1.26d
	5.37e
	0.35e
	0.5f
	92.16a
	394.16a

	GM
	7.14
	92.82
	5.85
	12.54
	7.74
	3.9
	72.41
	341.56

	MSE
	0.39
	0.39
	0.2
	2.41
	0.66
	0.33
	3.86
	156.18

	LSD
	0.43
	0.43
	0.31
	1.09
	0.58
	0.4
	1.39
	7.82

	PαF
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001

	SD
	**
	**
	**
	**
	**
	**
	**
	**


Key: Values are means of four replications determination. Different letters on the same column represent the statistical difference (p<0.05). LSD= Least significant difference, Moist= Moisture content, Dry M= Dry matter, carbs= Carbohydrate, TRT= Treatment, ***= highly significant, SD = Significant difference, GM, Grand mean, RBF= Raw Banana flour, SF = Soya beans flour, MRF= Mushroom Flour and SWF= Sweet potato Flour. R, S, T, U, V, W, X, Y and Z (70:20:10:10, 70:10:20:10, 60:20:20:10, 80:10:10:10, 60:30:10:10, 80:15:5:10, 90:5:5:10, 100:0:0:10 and Commercial custard) respectively for percentages of RBF, MRF, SF and SWF inclusions in blends.
Table 4: Regression Analysis of Influence of Composite Materials on Moisture Content and Macronutrients of Blends
	Nutrient
	R2
	Adj. R2
	F-value
	P-value
	Predictors (p<0.05)

	Moisture
	0.912
	0.854
	15.72
	0.003
	↑RBF (p=0.002), ↓MRF (p=0.018)

	Dry Matter
	0.935
	0.892
	21.54
	0.001
	↓RBF (p<0.001), ↑SF (p=0.009)

	Ash
	0.876
	0.786
	9.93
	0.014
	↑MRF (p=0.007), ↑SF (p=0.025)

	Protein
	0.953
	0.925
	34.12
	<0.001
	↑MRF (p<0.001), ↑SF (p=0.003)
MRF x SF (p=0.103 > 0.05)

	Fiber
	0.842
	0.731
	7.56
	0.022
	↑RBF (p=0.015), ↓MRF (p=0.042)

	Fat
	0.901
	0.837
	13.65
	0.005
	↑SF (p=0.001), ↓MRF (p=0.012)

	Carbohydrates
	0.968
	0.951
	58.24
	<0.001
	↓RBF (p<0.001), ↑SF (p=0.002)

	Energy
	0.982
	0.973
	108.37
	<0.001
	↓RBF (p<0.001), ↑SF (p=0.001), ↑MRF (p=0.008)


Key: ↑= increase effect, ↓= Decrease effect, Adj. = Adjusted. 
This is justified by the comparable high amount of fiber content in mushroom flour (Table 2). Fiber content ranged between 3.26-13.1% for blends, concurs with values obtained by Victor-Aduloju et al. (2025), though above results obtained by Mustapha et al. (2024) possibly due to differences in type composites used. 
Fat content differed among treatments significantly. S (RBF:70% MRF:10% SF:20% SWF:10%) and X (RBF:90% MRF:5 SF:5 SWF:10%) had the highest fat content while Z (control) recorded the least fat content (0.5%) which was not significantly different from fat content of RBF. As SF increases, fat content augment. Blend S with 20% SF registered 6.3% representing an increase of 268% compared to RBF. Composites with high MRF (R, V) of 20% and 30% respectively, showed modest fat (3.45-4%). However, regression analysis revealed that an increase in SF and a decrease MRF led to increase fat content (R2 adjusted, 0.837 and R2, 0.901, SF (p=0.001) and MRF (p=0.012)). Fat content ranged between 0.5-6.31%, concurring with the values recorded by Uukule et al. (2020) and Victor-Aduloju et al. (2025) but was however, lower than values reported by Akubor et al. 2023. This difference could be attributed to the fact that the end products in their study requires oil addition during cooking preparation, which probably influenced the fat content.
Carbohydrates contents were significantly different among treatment means. Highest carbohydrates (92.16%) were reported in Z (commercial custard) representing a 50% increase compared to RBF due to refined starch in control. Blends with decrease SF and MRF content of more than 10% (R, T and V) showed decrease in carbohydrates (58.92-67.05%) paralleling RBF Treatment blends recorded highest carbohydrate contents in S, W and X. The content of carbohydrate decreases as SF increases and RBF content decreases (R2 adjusted, 0.951 and R2, 0.968, RBF (p<0.001) and SF (p=0.002)). Blend V (60 RBF:30 MRF:10 SF:10 SWF) recorded least (58.92%) carbohydrate content while sample S (20% SF) had high carbs (77.22%). The range scores for carbohydrates (58.92-92.16%), concurs with values reported recently (Victor-Aduloju et al. 2025, Mustapha et al. 2024 and Akubor et al. 2023). 
Energy content varied significantly among the treatments at 95% confident level. Commercial custard registered the highest energy content (394.16 Kcal/100g). Blends recorded highest energy in X (RBF:90%, MRF:5% SF:5% SWF:10%) with 366.1 kcal an increase of 24% compared to RBF due to carbohydrate and fat balance. Blends with 20% SF (S, T) showed an energy increase of range (339.93–350.86kcal) compared to RBF. Formulation Y (RBF:100% MRF:0% SF:0% SWF:10%) recorded the least energy content. Regression analysis results suggest that, as MRF and SF contents increase while RBF 	decreases, there was an increase in energy content (R2 adjusted, 0.973 and R2, 0.982, SF (p=0.001), MRF (p=0.008) and RBF (p<0.001)) as presented on Table 4. The range of energy content 312.67-394.16 Kcal/100g was compatible with 383.39-422.31Kcal/100g reported by Akubor et al. (2023), in wheat based blends composite with unripe banana. 	Comment by SRUTHY P M: Use another word
Bulk Density of Blends
Effects of compositing on BD, is presented on Table 5. Blending severely affected bulk densities (p<0.0001). Commercial custard and composite S (70 RBF:10 MRF:20 SF:10 SWF), recorded highest bulk density while X (90 RBF:5 MRF:5 SF:10 SWF) and V (60 RBF:30 MRF:10 SF:10 SWF) scored least (0.26 g/cm3). Increase MRF concentration and decrease in SF surged BD (R2 adjusted, 0.784 and R2, 0.872, MRF (p=0.008) and SF (p=0.023)) shown in Table 6. 	Comment by SRUTHY P M: Check the font and font size to make it uniform
Table 5: Some Food Functional Properties of Blends
	Blend
	Bulk Density (g/ml)
	WAC (g/cm3)
	Gelatinization Temperature (0C)
	Swelling Percentage (%)

	R
	0.532d
	2.19c
	75ab
	50e

	S
	0.73a
	2.043d
	73cd
	120a

	T
	0.26f
	2.273c
	77a
	78d

	U
	0.564d
	2.063d
	74bc
	98c

	V
	0.48e
	2.337b
	76a
	80c

	W
	0.613c
	1.93e
	73cd
	55e

	X
	0.468e
	2.417b
	75ab
	101b

	Y
	0.641b
	1.707f
	76a
	105b

	Z
	0.672b
	2.639a
	72d
	123a

	Grand Mean
	0.55
	2.17
	74.8
	90

	LSD
	0.045
	0.12
	1.2
	8.2

	MSE
	0.002
	0.015
	2.828
	45.2

	PαF
	0.003
	0.006
	<0.001
	<0.001

	SD
	***
	***
	***
	***


Key: Values are means of four replications determination. Different letters on the same column represent the statistical difference (p<0.05). LSD= Least significant difference, WAC =Water absorption Capacity***= highly significant, SD = Significant difference, GM, Grand mean, RBF= Raw Banana flour, SF = Soya beans flour, MRF= Mushroom Flour and SWF= Sweet potato Flour. R, S, T, U, V, W, X, Y and Z (70:20:10:10, 70:10:20:10, 60:20:20:10, 80:10:10:10, 60:30:10:10, 80:15:5:10, 90:5:5:10, 100:0:0:10 and Commercial custard) respectively for percentages of RBF, MRF, SF and SWF inclusions in blends.
Table 6: Regression Analysis Showing Influence of Nutrient Content of Composite Materials on Some Food Functional Properties of Blends
	Functional Property
	R2
	Adj. R2
	F-value
	P-value
	Predictors (p<0.05)

	Bulk Density 
	0.872
	0.784
	9.83
	0.014
	↑MRF (p=0.008), ↓SF (p=0.023)

	WAC 
	0.825
	0.700
	6.57
	0.031
	↓RBF (p=0.042), ↑MRF (p=0.018)

	Gelatinization Temperature
	0.788
	0.633
	5.21
	0.049
	↑RBF (p=0.038)

	Swelling Percentage
	0.914
	0.857
	15.97
	0.003
	↑RBF (p=0.002), ↑SF (p=0.009)


Key: ↑= increase effect, ↓= Decrease effect, Adj. = Adjusted. WAC = Water Absorption Capacity
Table 7: Regression Analysis Showing Influence of Nutrient Content of Blends on Some Food Functional Properties of Blends
	Functional Property
	R2
	Adj. R2
	F-value
	P-value
	Predictors (p<0.05)

	Bulk Density 
	0.89
	0.84
	18.76
	<0.001
	Protein (↑), Fat (↓), Carbs (↑)

	WAC 
	0.82
	0.76
	12.34
	0.002
	Moisture (↑), Fiber (↓)

	Gelatinization Temperature
	0.78
	0.71
	9.87
	0.005
	Ash (↑), Energy (↓)

	Swelling Index
	0.91
	0.87
	24.56
	<0.001
	Protein (↑), Carbs (↑), Energy (↑)


Key: ↑= increase effect, ↓= Decrease effect, Adj. = Adjusted. WAC = Water Absorption Capacity 
Higher concentration of proteins and carbohydrates with decrease fat content in samples drove increase in BD (R2 adjusted, 0.84 and R2, 0.89, p<0.001) as represented on Table 7. Bulk density range (0.26-0.73 g/cm3) observed concurs with (0.29-0.9 g/cm3) reported by Mashau et al. (2022). Lower bulk density (V), indicates less dense, more porous blend which may consequently increase water absorption likelihood, leading to smoother, lighter and possibly creamier, less viscous custards. Higher bulk densities (Z and S) represents more compact, denser, increasing likelihood for production of thicker, more viscous custards with creamy mouthfeel though excessive bulk density may lead to denser undesirable, gummy or highly stiff custard. 
Water Absorption Capacity of Blends
Blend Z (commercial custard) scored the highest WAC (2.639g/mL), X (90 RBF:5 MRF:5 SF:10 SWF) registered the highest WAC (2.417g/mL) for treatment groups while Y (100 RBF:0 MRF:0 SF:10 SWF) recorded the least WAC (1.707g/mL). Clearly, a decrease in concentration of RBF and an increase in concentration of MRF augmented WAC (R2 adjusted, 0.7 and R2, 0.825, MRF (p=0.018) and RBF (p=0.042)), reason why 100% RBF recorded the least WAC possibly due to its high starch content and structural characteristics. Our observation that increase in RBF increase WAC, contradicts Mashau et al. (2022) who opined that WAC of blends increases as concentration of RBF was augmented. Other components of their blends could account for this observation. However, our results on mushroom concentration drive on WAC aligns with observation of Uukole et al. (2020). Furthermore, increase in moisture content and decrease fiber increased WAC (R2 adjusted, 0.76 and R2, 0.82, p=0.002) as shown on Table 7. The range of WAC of 1.707-2.417g/mL is comparable to values reported by Mashau et al. (2022) on composites of mushroom flour with non-commercial banana varieties. 
Gelatinization Temperature of Blends
Gelatinization temperature was highly affected by blending (p<0.001) presented on Table 5. Increase in RBF drove higher gelatinization temperatures (R2 adjusted, 0.633 and R2, 0.788, MRF (p=0.038)), while increase in ash content was also reported to surge GT ((R2 adjusted, 0.71 and R2, 0.78, p=0.005) as shown on Table 6 and 7. Increase in concentration of RBF probably led to higher amylose and amylopectin which increased gelatinization temperature. Samples T and V registered the highest gelatinization temperature (770C and 760C) respectively, while S and commercial custard recorded the least (730C and 720C) respectively as shown on Table 5. The range of GT of 720C to 770C concurs with findings of Bello et al. (2020), Inyang et al. (2015) who recorded GT in range of 700C to 790C and was comparable to 720C -810C reported recently by Dewidar et al. (2023) in custards. Low GT samples Z and S indicates ease of preparation for custards derived from the blends. 
Swelling Percentage (CP) of Blends
Swelling percentage was greatly influenced by blending (p<0.001). Samples S and commercial custard (Z) recorded the highest scores (120% and 123%) respectively. R and W samples registered the least swelling percentage (50% and 55%) respectively (Table 5). RBF and SF were observed to highly increase swelling percentage with augmentation in their concentration (R2 adjusted, 0.857 and R2, 0.914, RBF (p=0.002) and SF (p=0.009), while increase in protein and carbohydrate contents were also reported to drive surge in SP ((R2 adjusted, 0.87 and R2, 0.91, p<0.001) as shown on Table 6 and 7. The range of SP was 50%-123% which was higher than values reported by Dewidar et al. (2023) with range of 18.7%-30.64% but within the range reported by Bello et al. (2020) and Inyang et al. (2015). The elevated SP in most samples indicated that most of the blends were highly suitable for high quality custard. 
Sensory Evaluation Test Following Cooking Preparation of Custard
Sensory evaluation was determined on color, taste, flavor, appearance, mouthfeel, consistency and acceptability. Figure 1 shows results of sensory evaluation preference for flour blends and Table 8 shows results of multiple regression analysis between composite materials and sensory attributes. The results revealed extremely high significant differences (p<0.0001) among means considering taste, mouthfeel, consistency, appearance preferences and acceptability. 	Comment by SRUTHY P M: rewrite
Color and flavor preferences for treatments were very highly affected post blending. Color of S (70 RBF:10 MRF:20 SF:10 SWF), W (80 RBF:15 MRF:5 SF:10 SWF) and commercial custard (Z) were most preferred while color of blend X (90 RBF:5 MRF:5 SF:5 SWF) was least preferred. Arukwe et al. (2025) observed that the lower the concentration of RBF and MRF in wheat based blends for cookies the more preferred the color. The more the RBF in blends the darker the color and the lower the preference for cookies, which was different for custard. Regression analysis results revealed that none of the composite materials (RBF, MRF, SF and SWF) influenced color preference as an entity (p=0.103). 
Increase in MRF concentration and decrease in SF concentration in blends impacted taste preference (R2 adjusted, 0.860 and R2, 0.740 MRF (p=0.012) and SF (p<0.041)). Blend with the highest MRF V (30% MRF) scored 7.2. Taste preference was highest in treatments U (80 RBF:10 MRF:10 SF:10 SWF) with 8.02 preference, S (70 RBF:10 MRF:20 SF:10 SWF), W (80 RBF:15 MRF:5 SF:10 SWF) and Z (control). Blends W and Z (commercial custard) showed highest flavor preference and X (90 RBF:5 MRF:5 SF:5 SWF) recorded the least preferred flavor. However, none of the composite materials clearly influenced flavor preference (p<0.118), shown in Table 8. In contradiction, Mashua et al. (2024), reported that decrease in RBF concentration reduces flavor preference in wheat based banana blends. The difference in flavor considerations for custard and bread could explain the dissimilarity in flavor preferences.
RBF demonstrated a dominant effect (p=0.039) on mouthfeel of blends compared to other composite materials (Table 8). Increasing RBF improves mouthfeel (Y with 100% RBF) with a score of 7.45. The blends with the best mouthfeel, S (7.98) had balanced blends of all composite materials (70% RBF, 10% MRF, 20% SF), which was comparable to 8.01 preference score in commercial custard. These findings concur with reports of Bello et al. (2020), who reported that the high amount of RBF influence mouthfeel. 


Figure 1: Sensory Evaluation of Custard Prepared from Various Flour Composites	Comment by SRUTHY P M: Graphs are too congested, please u can plot only the overall acceptability 

RBF= Raw Banana flour, SF = Soya beans flour, MRF= Mushroom Flour and SWF= Sweet potato Flour. R, S, T, U, V, W, X, Y and Z (70:20:10:10, 70:10:20:10, 60:20:20:10, 80:10:10:10, 60:30:10:10, 80:15:5:10, 90:5:5:10, 100:0:0:10 and Commercial custard) respectively for percentages of RBF, MRF, SF and SWF inclusions in blends.
Table 8: Multiple Regression Analysis Showing Influence of Composite Material on Sensory Attribute
	Sensory Property
	R2
	Adj. R2
	F-value
	P-value
	Predictors (p<0.05)

	Color
	0.742
	0.539
	3.600
	0.103
	None

	Taste
	0.860
	0.740
	7.167
	0.028
	↑MRF (p=0.012), ↑SF (p=0.041)

	Flavor
	0.725
	0.513
	3.300
	0.118
	None

	Mouthfeel
	0.813
	0.658
	5.444
	0.048
	↑RBF (p=0.039)

	Consistency
	0.849
	0.723
	6.727
	0.031
	↑RBF (p=0.023)

	Appearance
	0.799
	0.638
	4.976
	0.057
	None

	Acceptability
	0.889
	0.800
	9.600
	0.015
	↑MRF (p=0.008), ↑SF (p=0.024)


Key: ↑= increase effect, ↓= Decrease effect, Adj. = Adjusted. 
RBF significantly influenced consistency (p<0.023, R2 0.849 and adjusted R2, 0.723). An in increased in RBF concentration, significantly increased consistency preference (Y with 100% RBF recorded a score of 7.45. The best consistency preferences were registered in S and W which recorded scores of 8.1 and 8.09 respectively which were comparable to 8.24 score in commercial custard, however, X registered least the least score (6.4). Appearance preference was induced by moderate (10-15%) MRF concentration in samples, with best appearance in samples with RBF 70 and 80 %. These findings were comparable to Bello et al. (2020) who reported best appearance in 75% RBF incorporations in blends. On the contrary, they reported highest consistency in 100% RBF (6.51 preference score) which was lower compared to blend Y (100% RBF) with 7.45 preference score. 
Increase in MRF and SF impacted the acceptability of blends (MRF, p<0.008, SF, P<0.024, R2 0.889 and adjusted R2, 0.80), and while MRF demonstrated a continuous effect, SF reduced acceptability after 20% (Table 8). The most acceptable sample therefore, was S (70 RBF:10 MRF:20 SF:10 SWF) and the commercial custard and the least accepted sample was X (90 RBF:5 MRF:5 SF:5 SWF). This observation is compatible with Anuonye et al. (2012), who recorded highest acceptability for samples with 65% RBF and 35% pigeon pea flour. In contradiction, Arukwe et al. (2025) observed wheat based blend incorporated with 5% plantains peels flour and 5% oyster mushrooms flour as most acceptable. Mashua et al. (2024), reported highest acceptance in composites with 7.5% incorporations of RBF from two varieties and wheat for bread. Acceptability considerations in cookies differs from that of custard. 
Conclusion 
The study successfully developed and characterized non-commercial unripe banana (Musa acuminata Colla AAA-EA)-based blends enriched with oyster mushroom, soybean, and sweet potato flours for healthy custard food. Soybean flour (SF) contributed the highest protein (42.02%), while oyster mushroom flour (MRF) provided notable fiber (8.32%). Blending increased protein content (up to 20.21% in composite V) and fiber (up to 13.1%) in Y, making the custard more nutritious. Carbohydrate content (58.92–92.16%) and energy values (312.67–394.16 kcal/100g) were comparable to commercial custard, ensuring adequate energy supply. Bulk density (0.26–0.73 g/cm³) was influenced by flour type, with soybean flour having the highest density. Water absorption capacity (WAC) was highest in MRF (5.43 g/mL), suggesting improved viscosity and texture in custard formulations. Blends with moderate MRF (10–20%) exhibited optimal functional properties for custard preparation. Composite S (70% RBF, 10% MRF, 20% SF, 10% SWF) was the most preferred, closely matching commercial custard in taste, flavor, and overall acceptability. High RBF concentrations (>80%) reduced preference, while moderate MRF (10–15%) improved sensory appeal. Mouthfeel and consistency were best in blends with balanced proportions of RBF, MRF, and SF. The developed custard blends offer a nutrient-dense, high-fiber, and protein-rich alternative suitable for individuals seeking low-sugar, plant-based diets. The inclusion of mushroom and soybean flour enhances functional properties, making the custard suitable for individuals with dietary restrictions and diet diversification. The study supports the utilization of underutilized crops (unripe banana, oyster mushroom) in value-added products, promoting food security and sustainable agriculture. 
Our study was limited by a lack of exhaustive evaluation of all food functional properties that could affect custard. Lack of in vivo studies to evaluate the effect of the blends on glycemic index and other parameters. 	Comment by SRUTHY P M: No need to mention this 
Recommendations for future work, should include shelf-life studies to assess storage stability of the custard blends, in-vivo nutritional studies to evaluate bioavailability of nutrients and health benefits and optimization of processing techniques to further enhance sensory and functional properties. 
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a
c
b
b
b
c
b
a

R	S	T	U	V	W	X	Y	Z	6.8	8.31	6.47	7.73	7.42	7.89	6.47	7.41	8.2799999999999994	CUSTARD PREPARED FROM VARIOUS BLENDS
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