


Sensory Profiling and Consumer Acceptability of Composite Flour Blends Developed from Acacia nilotica Seed and Banana for Potential Use in Functional Foods


Abstract
The increased need for convenient foods with functional attributes has led to the utilisation of underutilized plant foods with nutritional and medicinal attributes in everyday foods. The current study was aimed at assessing the sensory attributes and acceptability of value-added foods produced using composite flour mixtures of Acacia nilotica seed flour and raw banana flour. Composite flours were developed in various proportions and added to the production of biscuits and sev in 20%, 30%, and 40% levels of wheat flour substitution. Sensory assessment was conducted using a 9-point Hedonic scale by a semi-trained panel of 30 consumers, assessing colour, appearance, texture, aroma, taste, and total acceptability. Results showed that biscuits and sev made with 20% composite flour (Type-I) were most acceptable, falling in the "liked very much" category, equal to control ones prepared with wheat or Bengal gram flour alone. But higher concentrations of Acacia nilotica in the blend lowered acceptability considerably on account of darker color, coarser texture, and slight bitterness. These are consistent with earlier findings reporting sensory constraints at greater levels of inclusion of legume-based flour. The study again reiterates that up to 20% blending of Acacia nilotica–banana flour mixture can yield sensory-acceptable, nutritionally superior food items for use in functional food purposes.
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1. Introduction
Busy and hectic lifestyles, increase in working population and urbanisation, increase in per capita and disposable incomes, declining trend of cooking skills and motivation, rapid expansion of convenience food retail chains, significant improvements in food processing and packaging technologies, and significant change in food-related lifestyles have increased the demand and consumption of convenience food in both developed and emerging economies (Nawaz et al., 2020). Sensory features such as flavour, appearance, freshness, texture, colour, and fragrance are important motivators for customers to buy and consume convenience foods (Januszewska et al., 2011). In recent years, innovations in food processing and packaging technologies have significantly boosted the sensory appeal of convenience food products. Sensory appeals are clearly regarded to have a substantial influence on consumers' perception, buying intention, consumption, and satisfaction with convenience food products (Tan et al., 2017).
Acacia nilotica is also known as the Babul, Kikar, or Indian gum Arabic tree. It belongs to the Leguminosae-Mimosoideae family and can be found all throughout India. It is a significant multipurpose tree, with almost every part used to treat an ailment. Because of their potential benefits for a number of chronic illnesses, the scientific community and consumers have shown a strong interest in bioactive compounds such as antioxidants (Revathi et al.,2017). Synthetic antioxidants are often utilised in the food processing industry to extend product shelf life while also promoting them as healthy meals. However, high doses of these synthetic antioxidants have been demonstrated to be toxic rather than beneficial to health. Some are known to cause cancer and other negative health effects. These effects can be avoided by replacing them with natural antioxidants found in Acacia nilotica. Almost all of its ingredients are used in pharmaceuticals and have been found to have numerous health benefits, including anti-inflammatory, anti-diabetic, antihypertensive, and in vitro anticancer properties (Saggu et al.,2015; Majumder et al.,2021). Overall, Acacia nilotica pods could be a useful functional component due to their nutritional value, processing functionality, and potential health advantages. However, acacia pods are bitter, rendering them unsuitable for value addition. To boost Acacia nilotica's market potential in the food industry, it is necessary to find a suitable vehicle that can provide a food matrix to mask the bitterness of acacia while also possessing product development attributes.
Mature banana pulp is abundant in iron, potassium, and vitamin A, but low in protein and fat (Adeniji et al., 2006). Ripe banana flour is perfect for food preparations that require great solubility, sweetness, and energy density. content. Zhang et al. (2005) and Mohapatra et al. (2010) investigated and described the physical properties of fresh bananas and their components, including banana starch. They are wealthy. They are rich in vitamin B6, fibre, vitamin C, magnesium, and potassium. Bananas are high in vitamins and minerals, with each large serving providing 123 I.U. of vitamin A. According to Vasudha and Misra (2013), bananas are a healthful fruit that can improve the taste of food.
2. Material and Methods
2.1 Prepration of Acacia-banana flour blends 
Composite flour blends were prepared by mixing raw banana flour and Acacia flour in predetermined proportions, ensuring uniform distribution to achieve consistent nutritional and functional properties for further analysis and product formulation.
2.1.1 Acacia nilotica Flour Preparation
The Acacia nilotica pods collected were manually hand-sorted to eliminate foreign particles and unripe pods. They were washed with tap water and subsequently with distilled water to eliminate surface debris and microbial contamination. Upon draining, the pods were shade-dried under natural conditions for 7–10 days to preserve their bioactive constituents and color. After drying to a brittle state, pods were milled into fine powder with a high-speed laboratory hammer mill and then sifted through a 60-mesh sieve to achieve uniform Acacia flour, which was kept in silica gel packet-enclosed airtight containers to prevent moisture absorption.
2.1.2 Raw Banana Flour Preparation
Raw bananas were manually peeled and cut evenly (about 2 mm thickness) on a stainless-steel slicer. Slices were blanched in hot water at temperatures of 85–90°C for 10 minutes, which inactivates polyphenol oxidase enzymes, decreases microbial load, and maintains color. The blanched slices were quickly cooled in cold water to halt cooking and subsequently dried in a hot-air oven at 65°C for 6–8 hours until moisture content was lowered to <10%. Dried slices were powdered and sieved (60-mesh) to have raw banana flour. The flour was packed in moisture-proof pouches and stored at room temperature.
To create composite flour, individual Acacia and Banana flours were combined in the following proportions: 
Type-I flour (30% acacia flour and 70% raw banana flour)
Type-II flour (50% acacia flour and 50% raw banana flour)
Type-II flour (70% Acacia flour and 30% Raw banana flour)
	Type-III flour with 70% Acacia flour was not acceptable organoleptically and was therefore not subjected to further analysis. Type I and Type II composite flours were stored in air tight plastic containers for further analysis.



2.2 Sample presentation
The composite flour samples were prepared in appropriate ratios of raw banana flour and Acacia flour, labelled clearly as biscuit and sev, and stored in airtight, food-grade containers under controlled conditions to maintain sample integrity prior to analysis.
2.2.1 Biscuit
Value-added biscuits were made by replacing wheat flour partially with composite flour in various ratios. The control sample was 100 g of wheat flour, and the treatment formulas replaced 20 g (T-I), 30 g (T-II), and 40 g (T-III) of wheat flour with composite flour. All the preparations consisted of 40 g ghee, 60 g sugar, 40 mL milk, one teaspoon ammonium bicarbonate, and an amount of sodium bicarbonate equal to a pinch. Flours were first sieved for removing impurities. Ghee and sugar were creamed together, and then baking powder, sodium bicarbonate, ammonium bicarbonate, and respective flour mixtures were added. The batter was mixed well and milk was gradually added to create a soft dough. The dough was rolled into sheets of about ½ inch thickness and biscuit shapes were cut out. The biscuits were baked in the oven at 160°C until they turned light brown.
2.2.2 Sev
In order to assess the usability of composite flour in snack food, sevII-type extruded biscuits were made with the following wheat flour-composite flour replacement ratios:
Process: A typical recipe consisted of wheat flour (or its mixture), Bengal gram flour, salt, spices (ajwain, turmeric, chili powder), and water. The mixture was kneaded to a semi-soft state to make the dough. The dough was processed through a sevII press having a fine-holed plate, and extrudates were fried in refined vegetable oil at 170–180°C until golden brown. The fried foods were brought to room temperature and stored in food-grade polyethylene pouches for subsequent analysis.
Control: Wheat flour (100%) 
Type-I: Composite flour: Wheat flour (20:80) 
Type-II: Composite flour: Wheat flour (30:70) 
Type-III: Composite flour: Wheat flour (40:60)
2.3 Sensory panel details
Organoleptic acceptability of the value-added food products produced using composite blends of Acacia nilotica seed flour-banana flour was determined through sensory evaluation. The evaluation was carried out using simple sensory attributes like colour, appearance, texture, flavour, aftertaste, and general acceptability.
A 9-point Hedonic scale was used for scoring wherein the "dislike extremely" scored 1 and "like extremely" scored 9. Testing was done by a panel of 30 semi-trained panellists. The panellists were all briefed and oriented briefly on the use of the Hedonic scale for consistent and reliable scoring before testing.
All the samples of product were coded with a randomly assigned three-digit number and listed in random order to reduce any position effect. Testing was done in controlled conditions of normal lighting and minimal levels of distraction. Panellists were provided with water between samples to clean the palate and to avoid carry-over of taste.
Sensory ratings for all characteristics were obtained one at a time by the panellists. The information obtained was then statistically tabulated and analyzed to determine the most acceptable formulations for the entire consumer.
2.4 Statistical analysis
The data obtained were analyzed statistically using standard methods of analysis (Sheoran & Pannu 1999). The data were subjected to ANOVA and ‘t’ test and level of significance was measured at (p≤0.05).
3. Results 
3.1 Sensory parameters of developed value-added food products
The mean scores of organoleptic properties (colour, appearance, scent, texture, taste, and overall acceptability) of produced value-added food products, biscuits and sevI are shown in Tables 1 and 2.
3.1.1 Biscuits
Mean scores of colour of biscuits made from wheat flour fell in the category of ‘liked very much’ i.e. 8.80, whereas mean scores of colour of all three types of composite flour-based biscuits ranged from 7.80 to 5.70, respectively. It was observed that biscuits prepared from wheat flour (control) had higher mean scores of colour i.e. 8.80 followed by biscuits prepared from Type-I, Type-II and Type-III composite flour i.e. 7.80, 6.70 and 5.70, respectively. Biscuits prepared from 50:50 composite flour was not acceptable by the panel members.
The obtained scores fell in the category of ‘liked very much’ to ‘Neither like nor dislike’ whereas biscuits made from Type-III composite flour scored lowest score i.e. 5.70 which was ‘Neither like nor dislike’ by the panelist.
Mean scores of appearances of biscuits prepared from wheat flour was 8.70 (liked very much). As the level of Acacia flour increased in composite flour blend, appearance score fell in the category of ‘liked very much’ to ‘neither liked nor disliked’. It ranged from 8.00 to 5.80, respectively, in 20, 30, and 40, per cent containing composite flours. Among the supplemented three types of biscuits, biscuits made from Type-III composite flour got lowest mean score of appearance. Whereas Type-I composite flours made biscuits got highest scores which fell in the category of ‘liked very much’.
Mean scores of aroma of control biscuits was 8.70 whereas mean scores of aroma for Type-I, Type-II, and Type-III composite flour made biscuits ranged from 8.00 to 5.70 which fell in the category of ‘liked very much’ to ‘Neither like nor dislike’. Among the composite flour made biscuits, Type-1 biscuits scored highest mean score (8.00), while Type-III had lowest mean score i.e 5.70. Mean score of texture of control biscuits was 8.90, whereas mean scores of texture of Type-I, Type-II, and Type-III composite flour made biscuits ranged from
7.90 to 5.60, which found in the category of ‘liked very much’ to ‘Neither like nor dislike’. Mean scores of texture of Type-III biscuits was 5.60 fell in the category of ‘Neither like nor dislike’. Whereas, Type-1 composite flour biscuits got highest score (7.90) i.e. fell in the category of ‘liked very much’.
Mean scores of taste of control biscuits was 8.70 (liked very much). Mean scores of taste of Type-I, Type-II and Type-III composite flour made biscuits were in the range of 7.70 to 5.40 i.e. ‘liked very much’ to ‘neither liked nor disliked’.Type-1 composite flour biscuits got highest mean score i.e 7.70 (liked very much) whereas, biscuits made from type-III composite flour scored lowest mean i.e 5.40 (neither liked nor disliked). With increasing the level of Acacia powder in raw banana flour blend created significant reduction in mean scores of taste of biscuits made from Type-III composite flour. Whereas up to 20 per cent level of incorporation of composite flour blend produced biscuits with acceptable taste. Overall acceptability scores of biscuits made from wheat flour (control) was 8.70 whereas biscuits prepared from Type-I and Type-II composite flours got mean scores as 7.70 and 6.50, respectively. But biscuits made from Type-III composite flour scored lowest overall acceptability scores i.e. 5.40 which was ‘neither liked nor disliked’ by the panelists. However, up to 20 per cent level of incorporation of composite flour in biscuits was acceptable.
Table 1: Mean scores of organoleptic characteristics of value added biscuits
	Types of Biscuits
	Colour
	Appearance
	Aroma
	Texture
	Taste
	Overall Acceptability

	Control (WF 100%)
	8.80±0.13
	8.70±015
	8.70±0.15
	8.90±0.10
	8.70±0.15
	8.76±0.04

	T-I (CF:WF::20:80)
	7.80±0.20
	8.00±0.14
	8.00±0.14
	7.90±0.10
	7.70±0.21
	7.88±0.05

	T-II (CF:WF::30:70)
	6.70±0.21
	7.20±0.20
	7.20±0.20
	6.60±0.16
	6.50±0.22
	6.84±0.15

	T-III (CF:WF::40:60)
	5.70±0.21
	5.80±0.20
	5.70±0.21
	5.60±0.26
	5.40±0.26
	5.64±0.06

	CD (p≤0.05)
	0.51
	0.42
	0.44
	0.45
	0.43
	0.23



3.1.2 Sev
Mean score of colour of control bengal gram sev (control) was 8.80, whereas mean scores of colour of all three types of composite flour made sev were ranged from 7.80 to 5.70, respectively. Sev prepared from bengal gram flour had higher mean score of colour followed by sev made from Type-I, Type-II and Type-III composite flour blends which found in the category of ‘liked very much’ to ‘neither like nor dislike’. SevI made from Type-III composite flour scored lowest scores (5.70) which was ‘neither like nor dislike’ by the panelists. Sev prepared from 50:50 composite flour was not acceptable by the panel members.
Mean score of appearance of control sev was 8.80, whereas mean scores of appearance of all three types of composite flour made sev ranged from 7.80 to 5.80, respectively. Sev made from Type- III composite flour obtained lowest mean score of appearance which fell in the category of ‘neither liked nor disliked’. As the level of Acacia powder elevated in composite flour blend, appearance score ranged in the category from ‘liked very much’ to ‘neither liked nor disliked’.
Mean scores of aroma of control sev was 8.70, whereas mean scores of aroma of Type-I, Type-II and Type-III composite flour prepared sev ranged from 8.10 to 5.60 which found in the category of ‘liked very much’ to ‘neither liked nor disliked’ by the panelists. Among the composite flour made sev highest mean scores (8.10) was noted in sev prepared from Type-I composite flour and lowest (5.70) was observed in Type-III composite flour based sev.
Mean scores of texture of control sev was 8.90 whereas mean scores of texture of Type-I and II composite flour made sev ranged of 8.00 to 6.60 which found in the category of ‘liked very much’ to ‘liked slightly’. Whereas mean scores of texture of Type-III sev was 5.60 i.e. in the category of ‘neither liked nor disliked’. Mean scores of taste of sev from bengal gram four was 8.80 (liked very much).
Mean scores of taste of Type-I and Type-II composite flour made sev were found in the range of 7.80 to 6.50 i.e. ‘liked moderately’ to ‘liked slightly’. Whereas mean scores of taste of Type-III sevI was found 5.40 in the category of ‘neither liked nor disliked’ by the panelists.
Overall acceptability scores of sev made from bengal gram flour had 8.80, whereas three types of composite flour made sev i.e. Type-I and Type-II were ranged 7.90 and 6.80 respectively fell in the category of ‘liked moderately’ to ‘liked slightly’. Whereas it was observed that sev made from Type-III composite flour got lowest overall acceptability scores (5.62) which fell in the category of ‘neither liked nor disliked’. Acceptability of sev was obtained to be reduced with increasing in the incorporation level of composite flour.
On the basis of organoleptic scores of all three types of composite flour made products (biscuits and sev) in comparison to their respective control products, up to 20 per cent level of incorporation i.e. Type-I composite flour made products as compared to their respective control products were selected for further nutritional composition and shelf life.
Table 2: Mean scores of organoleptic characteristics of value added Sev
	Types of SevI
	Colour
	Appearance
	Aroma
	Texture
	Taste
	Overall Acceptability

	Control (BGF 100%)
	8.80±0.13
	8.80±0.13
	8.70±0.15
	8.90±0.10
	8.80±0.13
	8.80±0.03

	T-I (CF:BGF::20:80)
	7.80±0.20
	7.80±0.13
	8.10±0.10
	8.00±0.00
	7.80±0.20
	7.90±0.06

	T-II (CF:BGF::30:70)
	6.80±0.20
	7.00±0.21
	7.10±0.23
	6.60±0.16
	6.50±0.22
	6.80±0.11

	T-III (CF:BGF::40:60)
	5.70±0.21
	5.80±0.20
	5.60±0.26
	5.60±0.26
	5.40±0.26
	5.62±0.06

	CD (p≤0.05)
	0.52
	0.42
	0.50
	0.41
	0.41
	0.21






4. Discussion
Sensory quality of value-added products was evaluated to identify their organoleptic properties, with special emphasis on colour, appearance, texture, aroma, flavour, and acceptability. Control products (prepared with 100% wheat flour) scored consistently high on all attributes with overall acceptability scores between "liked very much" on the 9-point Hedonic scale. Such scores indicate robust consumer preference and acceptability of traditional formulations.
Products prepared using composite flour blends of Acacia nilotica seed flour and raw banana flour exhibited a greater range of sensory response. Such products were accepted from "neither liked nor disliked" to "liked very much" depending upon the proportion of composite flour incorporated in the product formulation. Among the developed products, biscuits and sev were found most acceptable, particularly at the 20% level of composite flour replacement of wheat flour. At this proportion, both products possessed acceptable sensory attributes and were rated as "liked very much" by the panelists, indicating good consumer acceptability in spite of partial replacement with underutilized flour blends.
Nevertheless, there was a gradual decline in sensory scores with an increase in the proportion of Acacia nilotica flour in banana composite blends. The increased levels of Acacia flour substitution, i.e., 30% and 50%, made the food products darker colour, coarser texture, and with a beany flavour or slight bitterness, and all these reduced acceptability overall. These are attributed to the high fiber, protein, and polyphenol nature of Acacia seeds, which can alter the sensory quality of food items if they cross a critical threshold level. These trends have been elucidated in previous literature. Duodu, K. G., & Minnaar (2011), for example, reported that the increase in the level of legume flours in baked foods has a negative impact on sensory attributes due to strong flavour and compact texture. Irshad et al. (2023) reported that higher levels of unrefined seed flours in replacement lead to decreasing consumer acceptability due to alterations in mouthfeel and flavour. Moreover, Siddhuraju and Becker (2007) reported that the presence of antinutritional factors and high dietary fiber in underutilized legumes influence flavour and overall sensory acceptability.
Accordingly, the findings of this research validate the necessity of composite flour optimization in product formulation. Addition of up to 20% of blends of Acacia nilotica and banana flour appears to be a compromise between nutritional enhancement and acceptability, rendering the products acceptable without significantly detracting from the organoleptic quality.

5. Conclusion
This study establishes the sensory acceptability of using composite flours of Acacia nilotica seed and banana blended with foods commonly consumed like biscuits and sev.  Control foods rated highest on all sensory parameters, whereas composite flour formulations with substitution levels up to 20% were well accepted and fell in the desired sensory classes.  Higher levels of Acacia nilotica flour resulted in lower customer acceptability because it changes colour, texture, and taste due to high fibre and polyphenol content.  These findings establish that partial substitution by addition of up to 20% composite flour achieves a realistic compromise between nutritional quality and consumer acceptability.  Addition at this level offers a pragmatic solution to the development of functional foods from underutilized, health-promoting constituents.  Future research may incorporate flavour-masking technologies or ingredient modification to enhance acceptable levels of absorption of Acacia-based mixtures by other food systems.
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