



Assessment of Sensory Quality and Shelf-Life  of Millet-Based Salty Biscuit.
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ABSTRACT

	The rapid pace of urbanization and lifestyle changes has increased reliance on convenience foods, many of which are nutritionally poor due to reliance on refined flours. This study aimed to develop and evaluate a nutrient-rich salty biscuit using a composite flour blend of sorghum (50%), buckwheat (25%) and corn flour (25%) to enhance dietary diversity while addressing modern nutritional challenges. Sorghum and buckwheat were selected for their high-quality proteins, dietary fiber, minerals and bioactive compounds, along with their gluten-free nature. The biscuits were prepared using standard baking techniques and assessed for sensory quality by a trained panel using a nine-point hedonic scale. The product achieved high acceptability scores for colour (8.60±0.70), flavour (8.50±0.53), taste (8.30±0.48), texture (8.30±0.95) and appearance (8.70±0.48), with an overall acceptability of 8.50±0.71 (“liked extremely”). Shelf-life evaluation over 30 days at ambient conditions indicated a gradual but significant (p<0.05) decline in sensory scores particularly after 15 days likely due to changes in flavour and texture. The results suggest that millet-based salty biscuits can be an appealing, nutrient-rich convenience snack with good short-term shelf stability offering a viable alternative to refined-flour products.
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1. INTRODUCTION
Bakery products represent a substantial segment of the global processed food industry and are undergoing continuous evolution driven by innovations in nutraceuticals and novel product development. Growing consumer awareness of the nutritional quality of bakery foods has encouraged the industry to explore substitutes for refined wheat flour, leading to increased interest in nutritionally rich cereals and pseudo-cereals, commonly known as nutri-cereals (Saleh et al., 2013). Biscuits are one of the most popular ready-to-eat baked snacks worldwide due to their convenience, extended shelf life and desirable sensory characteristics. They are manufactured by baking dough to obtain an appealing final product; however, traditional biscuits formulated with refined wheat flour are nutritionally limited, as they are low in dietary fiber and deficient in essential amino acids such as lysine and threonine. Furthermore, the gluten content of wheat-based products presents health concerns for individuals with celiac disease or gluten intolerance (Suresha et al., 2019).
In this context, ancient grains such as millets hold tremendous potential. The term “millet” is derived from the French word mille, indicating that a handful of millet contains thousands of small seeds (Chauhan et al., 2023). Although their precise origin remains uncertain, millets have been cultivated since prehistoric times in regions like North Africa and Central Asia. These small-seeded cereals, long considered “coarse grains” are now being rebranded as “nutricereals” due to their exceptional nutritional composition. Rich in high-quality proteins, complex carbohydrates, dietary fiber, unsaturated fatty acids, minerals, antioxidants and phytochemicals, millets are highly suitable for addressing modern nutritional challenges (Saini et al., 2021; Bhat et al., 2018). Moreover, their adaptability to harsh agro-climatic conditions makes them ideal for cultivation in water-scarce regions supporting both food and nutritional security.
Sorghum (Sorghum bicolor L. Moench), commonly known as jowar is the fifth most important cereal crop globally, following wheat, rice, maize and barley. It is a climate-resilient crop, well adapted to arid and semi-arid regions and capable of resuming growth after prolonged droughts making it vital for regions like Sub-Saharan Africa, the Deccan Plateau of India and northeastern China (Singh et al., 2024; Mawouma et al., 2022). From a nutritional standpoint, sorghum provides approximately 10.6 g protein, 72.09 g carbohydrates, 6.7 g fiber and 3.46 g fat per 100 g, with an energy value of 1377 kJ (USDA, 2019). It contains a rich profile of unsaturated fatty acids, including oleic acid (33%) and linoleic acid (47%). Notably, sorghum is gluten-free, making it a safe alternative for individuals with celiac disease. Its slower starch digestibility index makes it beneficial for managing blood glucose levels in diabetic patients. Additionally, its bran is a rich source of bioactive phenolic compounds such as flavones, flavanones, tannins and 3-deoxyanthocyanins that exhibit potent antioxidant properties and are associated with cardiovascular health, anti-inflammatory effects and cancer prevention (Stefoska‐Needham, 2024; Khalid et al., 2022).
Buckwheat (Fagopyrumspp.) although botanically a fruit seed, is functionally treated as a cereal and is widely cultivated in the high-altitude regions of India such as Himachal Pradesh, Uttarakhand and Jammu & Kashmir (Om Priya et al., 2025). Two primary species; common buckwheat (F. esculentum) and tartary buckwheat (F. tartaricum) are grown at altitudes between 1500 and 4500 meters. Buckwheat is notable for its robust nutrient profile: it contains 16 per cent protein, 62 per cent carbohydrates, 14 per cent fiber and is enriched with iron (up to 100 mg/100 g), zinc, copper, phosphorus and B-complex vitamins (Soni, 2022). It also contains unique bioactive compounds such as C-gluco flavones and D-chiro-inositol, which contribute to its antidiabetic, hypocholesterolemic, anticancer and anti-inflammatory properties (Sonawane et al., 2024). Its unique protein structure, devoid of gluten makes it suitable for individuals with gluten intolerance or celiac disease. Globally buckwheat is used in various forms including noodles, pancakes, porridge and traditional confectioneries, particularly in China, Japan and Eastern Europe (Puligundla and Lim, 2021). In the Indian context, it remains underutilized in modern processed foods despite its therapeutic and functional potential.
Advances in food processing have enabled the development of convenient ready-to-cook and snack products, catering to modern lifestyles. However, most convenience foods remain nutritionally limited, highlighting the need for healthier alternatives. Integrating nutrient-rich millets such as sorghum and buckwheat can enhance protein, fiber, and bioactive compound content, improve dietary diversity, and address issues like malnutrition and post-harvest losses of seasonal crops (Sarita and Singh, 2016; Saxena et al., 2018). Therefore, the present study focuses on formulating millet-based convenience foods to provide practical, nutritious and health-oriented alternatives to traditional snacks, supporting both consumer health and sustainable food practices.
2. material and methods
2.1 Procurement and Preparation of Raw Material
Sorghum (Sorghum bicolor), buckwheat (Fagopyrum esculentum) and other ingredients were procured in bulk from the local market of Bikaner, Rajasthan in a single lot to ensure consistency and minimize variation. The grains were cleaned thoroughly by repeated washing with tap water, followed by rinsing with distilled water (Agrahari & Dunkwal, 2012) and shade dried at room temperature (27 ± 3°C) for 2–3 days. Once dried, they were ground using a laboratory grinder and sieved through a 100-mesh sieve to obtain fine flour. The flours were then stored in airtight, food-grade containers under ambient conditions until further use in product formulation. A composite flour blend was standardized based on preliminary trials in the ratio of 50 per cent sorghum, 25 per cent buckwheat and 25 per cent corn flour for optimal sensory and textural characteristics.
2.2 Product Preparation 
For product preparation (Table 1), biscuits were developed with minor modifications to the AACC International Approved Method 10–31.03 (AACC, 2010). Based on 100 g of flour, butter, sugar, salt and carom seeds were incorporated, and milk was used to form the dough. The ingredients were initially blended using a hand mixer and subsequently kneaded manually to obtain a smooth and homogeneous dough. The dough was then rolled to a uniform thickness of approximately ¼ inch and cut into circular pieces of 47 mm diameter using a standard biscuit cutter. The shaped dough pieces were arranged on greased baking trays and baked in a preheated electric oven at 180 °C for 11 minutes until a crisp texture and golden colour were achieved. Each batch yielded eleven biscuits. Following baking, the biscuits were allowed to cool to room temperature, packed in polythene zip-lock bags and stored in a vacuum desiccator for 2 hours prior to further analyses. The prepared salty biscuits are shown in Plate 1.

Table1. Ingredient and amount used in the development of salty biscuit

	Ingredient
	Amount (g/ml)
	% of Total (out of 100%)

	Millet based flour (g)
	100
	44.64

	Butter (g)
	30
	13.39

	Baking powder (g)
	0.25
	0.11

	Common salt (g)
	2
	0.89

	Sugar powder (g)
	25
	11.16

	Carom seeds (g)
	2
	0.89

	Milk (ml)
	20
	8.93


.
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Plate 1: Developed salty biscuit

2.3 Organoleptic evaluation of the developed product

The developed product was standardized through organoleptic evaluation by a panel of ten selected members, consisting of staff from the College of Community Science, SKRAU, Bikaner. Panelists were carefully screened using the threshold test (Potter, 1987), considering their experience, knowledge, willingness and reliability. Sensory attributes such as color, appearance, aroma, texture, taste and overall acceptability were assessed using a nine-point hedonic scale (Swaminathan, 1987). Samples were presented in coded, identical containers to prevent bias and evaluations were conducted in a controlled, distraction-free environment to ensure accurate and reliable results.

2.4 Shelf-Life Study

The developed products were packed in HDPE pouches and stored at ambient temperature for one month. Sensory evaluations were conducted on the 0, 15th and 30th day of storage using the hedonic ranking scale to assess product stability over time (Swaminathan, 1987).

2.5 Statistical Analysis

Data were analyzed statistically as per Gupta (2000). Arithmetic mean, standard deviation, standard error of mean and critical difference at 5 per cent significance were calculated to interpret the results accurately.

3. results and discussion
Product development using nutrient-dense ingredients plays a vital role in enhancing dietary quality while addressing the increasing demand for convenient snack foods. In the present investigation, millet-based salty biscuits were formulated using a composite flour blend of sorghum, buckwheat and corn flour, and their sensory acceptability was evaluated to determine product feasibility and consumer appeal.
3.1 Organoleptic Evaluation of Salty Biscuit
3.1.1 Colour
Visual quality is one of the first attributes influencing consumer perception of baked products. As presented in Table 2, the developed millet-based salty biscuit recorded a high mean colour score of 8.60±0.70, indicating excellent visual acceptance. The uniform surface browning observed in the product can be attributed to controlled non-enzymatic browning reactions, particularly maillard reactions and caramelization which lead to the formation of brown pigments (melanoidins). Such colour development is considered a reliable indicator of optimal baking conditions and appropriate ingredient interactions (Lukinac et al., 2022).  
3.1.2 Flavour
Aroma and flavour perception in bakery products are primarily governed by the volatile constituents of the raw materials used. Flavour is a complex sensory attribute resulting from the combined perception of taste, aroma and mouthfeel (Muhimbula et al., 2011). The developed biscuit recorded a mean flavour score of 8.50±0.53 (Table 2), reflecting favourable sensory acceptance. Buckwheat imparted characteristic nutty notes due to its phenolic compounds, while sorghum provided a mild flavour base, resulting in a balanced flavour profile that masked undesirable coarse-grain notes
3.1.3 Taste
Palatability of biscuits is influenced by the interaction of basic taste components and flavour release during consumption. The mean taste score of the developed product was 8.30±0.48, demonstrating favourable taste perception by the sensory panel. The balanced incorporation of salt, sugar and fat, along with the inherent taste characteristics of the composite flours, contributed to improved mouthfeel and enhanced palatability without overpowering the product.
3.1.4 Texture
Textural quality plays a critical role in determining consumer preference for biscuit products. The developed millet-based salty biscuit recorded a mean texture score of 8.30±0.95 (Table 2) indicating desirable crispness and structural integrity. The optimized composite flour ratio and effective fat dispersion promoted adequate starch gelatinization during baking compensating for the absence of gluten and resulting in a crisp yet stable product (Mudau et al., 2022).
3.1.5 Appearance
Visual appeal of baked products depends on shape, surface smoothness and baking uniformity. The developed biscuit recorded a high mean appearance score of 8.70±0.48, the highest among all sensory attributes (Table 2), indicating excellent visual acceptance. This was attributed to its uniform shape, smooth surface and even colour distribution achieved through standardized dough handling and controlled baking. Visual cues strongly influence perceived quality and overall acceptability of food products (Shiny-Lizia and John, 2014).
3.1.6 Overall Acceptability
Consumer preference is best reflected through overall acceptability which integrates all individual sensory attributes. The developed millet-based salty biscuit achieved an overall acceptability score of 8.50±0.71 (Table 2), indicating strong panel approval. 
Table 2.   Organoleptic evaluation of Salty Biscuit
	Mean scores of Sensory attributes

	Colour
	Flavour
	Taste
	Texture
	Appearance
	     Overall
Acceptability

	8.60±0.70
	8.50±0.53
	8.30±0.48
	8.30±0.95
	8.70±0.48
	8.50±0.71


Values are meanSD of ten panellist

3.2 Shelf life evaluation of salty biscuits
Shelf life is a critical parameter in determining the commercial viability of bakery products, as Shelf life is an important quality parameter influencing the commercial feasibility of bakery products, as sensory attributes gradually deteriorate during storage due to oxidative and moisture-related changes. In the present investigation, the shelf stability of the developed millet-based salty biscuits was assessed under ambient storage conditions for a period of 30 days. Sensory evaluation was carried out at 0, 15 and 30 days to monitor changes in quality attributes over storage.
3.2.1 Colour
Colour stability during storage is essential for maintaining consumer appeal. As shown in Table 3, the colour score decreased gradually from 8.70±0.48 on day 0 to 8.10±0.74 after 15 days, followed by a significant decline to 6.60±1.17 at 30 days (p < 0.05). The reduction in colour score during prolonged storage may be attributed to oxidative browning reactions and surface dullness caused by moisture absorption (Ransilu et al., 2019). Nevertheless, acceptable colour retention up to 15 days indicates adequate initial baking and product stability under ambient conditions.
3.2.2 Flavour
Flavour is highly sensitive to storage-induced chemical changes, particularly lipid oxidation. The flavour score declined from 8.40±0.52 on day 0 to 7.70±0.82 at 15 days and further to 6.00±0.94 at 30 days (Table 3). This reduction may be linked to oxidative rancidity of unsaturated fatty acids (Sujirtha and Thevaki, 2015) present in sorghum and buckwheat, leading to the formation of off-flavour compounds during storage. 
3.2.3 Taste
Taste perception showed a gradual decline with increasing storage duration. The mean taste score decreased from 8.50±0.53 at day 0 to 7.90±0.57 at 15 days and 6.80±0.63 at 30 days. The observed reduction in taste scores may be attributed to flavour degradation and reduced freshness associated with lipid oxidation and moisture migration within the biscuit matrix (Balasubramanian et al., 2014). Despite this decline, taste remained acceptable up to 15 days of storage.
3.2.4 Texture
Textural quality of biscuits is strongly influenced by moisture uptake during storage. The texture score decreased from 8.30±0.95 initially to 8.00±0.67 after 15 days, followed by a significant reduction to 6.20±0.92 at 30 days (p < 0.05). The loss of crispness over time may be attributed to the hygroscopic nature of dietary fibre present in buckwheat, which facilitates moisture absorption under ambient conditions. Similar texture deterioration due to moisture uptake in biscuits has been reported by Alfiya et al. (2023).
3.2.5 Appearance
Appearance scores exhibited relatively minor variation throughout the storage period. The biscuit recorded an appearance score of 8.70±0.48 on day 0, which decreased to 7.80±0.63 at 15 days and remained unchanged (7.80±0.42) even after 30 days (Table 3). This stability suggests that the biscuits retained structural integrity, shape and surface characteristics during storage, indicating effective formulation and processing conditions (Shiny-Lizia and John, 2014).
3.2.6 Overall Acceptability
Overall acceptability reflects the combined effect of all sensory attributes and serves as a key indicator of shelf-life suitability. The overall acceptability score declined from 8.40±0.70 at day 0 to 8.10±0.32 after 15 days, remaining within the “liked very much” category. However, by 30 days, the score reduced significantly to 6.60 ± 1.26(p < 0.05), indicating noticeable sensory deterioration. The decline in overall acceptability was primarily influenced by reductions in flavour, taste and texture rather than appearance.
3.2.7 Shelf Life Implications
Based on sensory evaluation, the developed millet-based salty biscuits demonstrated satisfactory sensory stability for up to 15 days under ambient storage conditions. Beyond this period, quality deterioration became pronounced. Improvement in shelf life may be achieved through the use of packaging materials with enhanced moisture and oxygen barrier properties, as well as incorporation of natural antioxidants to retard lipid oxidation. These interventions could significantly enhance the product’s storage stability and commercial viability
Table 3.  Shelf life evaluation of salty biscuits
	
			Mean scores of Sensory characteristics on nine point scale

	Storage Days
	Colour
	Flavour
	Taste
	Texture
	Appearance
	Overall Acceptability

	0 Day
	8.700.48
	8.400.52
	8.500.53
	8.300.95
	8.700.48
	8.400.70

	15 Day
	8.100.74
	7.700.82
	7.900.57
	8.000.67
	7.800.63
	8.100.32

	30 Day
	6.601.17
	6.000.94
	6.800.63
	6.200.92
	7.800.42
	6.601.26

	SEm
	0.20
	0.27
	0.18
	0.25
	0.16
	0.27

	CD (5%)
	0.60*
	0.81*
	0.53*
	0.73*
	0.47
	0.81*


Values are meanSD of tenpanellist                                        *= significant at 5% level.

4. Conclusion

The study confirmed that a millet-based salty biscuit developed using sorghum, buckwheat and corn flour possessed good sensory quality and consumer acceptability. High scores for colour, flavour, taste, texture and appearance indicated that the composite flour formulation effectively enhanced the sensory appeal of the product. Shelf-life evaluation under ambient conditions showed that the biscuits retained acceptable sensory characteristics for up to 30 days, with optimal quality maintained during the first 15 days of storage. Overall, the findings demonstrate the potential of millet-based salty biscuits as a nutritious and acceptable alternative to refined-flour bakery products, with scope for further improvement through enhanced packaging and storage strategies.
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