Development of a Gluten-Free Fibre- and Iron-Rich Snack Bar Using Palmyrah Tuber Flour
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[bookmark: _Hlk218039795][bookmark: _Hlk218103534][bookmark: _Hlk218030810]The Palmyrah palm (Borassus flabellifer L.) is a perennial arboreal species belonging to the family Arecaceae and the order Arecales. In Sri Lanka, the species is predominantly distributed across the Northern Province, particularly in the districts of Jaffna, Kilinochchi, Mullaitivu, Vavuniya, and Mannar, where it is well adapted to dry zone. The Palmyrah palm is recognised as a multipurpose plant, as its tubers, fruits, sap, leaves, and seeds are extensively utilised for food products, construction materials, handicrafts, traditional medicinal applications, and ecological services (Subajini Mahilrajan, Suganja Thuraisingam & Jasotha Prabagar, 2024). Palmyrah tuber flour is obtained from the fresh tuber shoots. two main types of flour are produced - Odiyal flour, which is prepared from raw tubers, and Pulukodiyal flour, which is produced from tubers that have been boiled before drying and milling. These flours are commonly available in major markets across Northern Sri Lanka and are valued for their nutritional properties, particularly their high dietary fibre content.
Snack bars, also known as energy bars, are compact, nutrient-dense food products designed to provide convenient energy and essential nutrients (Mathur, 2021). The growing consumer demand for nutritious and convenient food options has encouraged food manufacturers to develop functional snacks that support healthier dietary choices. Moreover, a positive consumer attitude toward healthy foods has been identified as an important precursor to behavioural change, favouring improved dietary practices (Chen & Poquet, 2020).
the prevalence of Diabetes Mellitus is increasing at an alarming rate in both developed and developing countries, with projections indicating that the affected population may reach approximately 700 million by 2040 (Dimopoulou et al., 2023). In this context, functional foods have gained prominence due to their role in disease prevention. Ingredients such as Palmyrah tuber flour are rich sources of dietary fibre, phenolic compounds, and essential minerals, which contribute to low glycaemic regulation and overall health. Despite its nutritional potential, Palmyrah tuber flour remains underutilised in value-added food products. Notably, there is currently no standardised Palmyrah tuber flour–based snack bar available in Sri Lanka. Therefore, this study aims to develop and evaluate a fibre- and iron-rich gluten-free snack bar using Palmyrah-based ingredients and to assess its nutritional quality, consumer acceptability, and market potential.
The study focused on the formulation and evaluation of a fibre- and iron-rich gluten-free snack bar using Palmyrah tuber flour as the primary functional ingredient. Product development and laboratory analyses were carried out at the Palmyrah Research Institute (PRI), Jaffna. Texture profile analysis was conducted at the Faculty of Agricultural Sciences, Sabaragamuwa University of Sri Lanka. The study employed a quantitative research design involving product formulation, laboratory analysis, sensory evaluation, shelf-life testing, and consumer market assessment. Raw materials used in the formulation included Palmyrah tuber flour, jaggery, desiccated coconut, peanuts, sesame seeds, dates, ghee, and salt. These ingredients were procured from the Chavakachcheri Palm Development Co-operative Society (Ltd.) and local supermarkets. Palmyrah tuber flour was prepared by soaking the tuber material in water for three hours, followed by straining to remove fibrous residues. The material was then oven-dried, roasted, and sieved to obtain a uniform flour suitable for snack bar formulation.
Table 1: Four snack bar formulations 
	Ingredients(g)
	Snack bar formulas

	
	(F1)
	(F2)
	(F3)
	(F4)

	Rosted Tuber flour
	10g
	20g
	25g
	30g

	Grated and Roasted Coconut 
	3g
	3g
	3g
	3g

	Peanut powder
	3g
	3g
	3g
	3g

	Salt
	0.3g
	0.3g
	0.3g
	0.3g

	Sesame seeds
	1g
	1g
	1g
	1g

	Ghee
	5g
	5g
	5g
	5g

	Dates
	5g
	5g
	5g
	5g

	Jaggery
	15g
	15g
	15g
	15g

	Potable Water
	3g
	3g
	3g
	3g



According to Table 1, four snack bar formulations were prepared by incorporating Palmyrah tuber flour at levels of 10%, 20%, 25%, and 30% (as F1, F2, F3, and F4), while maintaining constant proportions of the other ingredients. The dry ingredients were mixed; syrup was prepared. The dry mixture was incorporated into the syrup, kneaded thoroughly, spread into trays, sprinkled with sesame seeds, baked at 150 °C, cooled, and cut into uniform bars. Sensory evaluation was conducted using a 9-point hedonic scale with 20 trained panellists. Attributes evaluated included colour, aroma, texture, taste, and overall acceptability.  
Proximate composition, including moisture, ash, crude protein, crude fat, crude fibre, and carbohydrate content, was determined according to standard AOAC methods. Physicochemical properties such as pH, total sugar content, and salt content were also analysed following AOAC protocols. Mineral analysis for iron, calcium, magnesium, sodium, and potassium was carried out using standard analytical techniques. Shelf-life studies were conducted at 0, 30, 60, and 90 days of storage at ambient conditions. Microbiological analyses included total plate count and yeast and mould, performed according to ISO. Market potential was assessed using a structured questionnaire administered to 250 respondents, including health-conscious consumers, gluten-sensitive individuals, and young professionals. 

Fig 1 – sensory evaluation by 
The sensory evaluation successfully discriminated among the four Palmyrah tuber flour–based snack bar formulations, demonstrating the effectiveness of the 9-point hedonic scale in identifying consumer preferences. Following Figure 1 Among the tested formulations, Formula 3 (F3) achieved the highest mean scores for appearance, taste, texture, aroma, and overall acceptability. This indicates that Formula F3 possessed a well-balanced sensory profile, where sweetness, flavour intensity, and textural attributes complemented each other effectively. In contrast, Formulas F2 and F4 showed moderate acceptability across most sensory attributes, suggesting that both lower and higher inclusion levels of Palmyrah tuber flour slightly affected consumer perception. Formula A, despite being perceived as sweet, recorded the lowest overall acceptability score, primarily due to its inferior texture. These results highlight that excessive sweetness alone does not ensure consumer preference and emphasise the importance of texture in determining the overall acceptability of snack bars. 
Based on the sensory evaluation outcomes, Formula F3 was selected for further nutritional, microbiological, physicochemical, texture, and market analyses. Proximate composition analysis revealed that the developed snack bar contained a high carbohydrate content (74.55 ± 0.12 g/100 g), indicating its potential as an energy-providing food suitable for active individuals, students, and working adults. The crude fibre content (7.92 ± 0.04 g/100 g) was considerably higher than that of many conventional commercial snack bars, underscoring the functional value of Palmyrah tuber flour as a dietary fibre source. High fibre intake is associated with improved digestive health and glycaemic control, making the product particularly relevant for health-conscious consumers. The protein content (3.75 ± 0.07 g/100 g), although moderate, contributes to satiety, while the fat content (12.52 ± 0.22 g/100 g) enhances palatability and energy density. The iron content (2.32 ± 0.10 mg/100 g) reflects the mineral-rich nature of Palmyrah tuber flour and is nutritionally significant in addressing iron deficiency, which remains prevalent in many developing regions. Total ash content (1.33 ± 0.09 g/100 g) further confirms the presence of essential minerals. The energy value (260 ± 3 kcal/100 g) was comparable to commercially available snack bar (oats bar), suggesting that the product can serve as a healthier alternative without compromising caloric adequacy.
Microbiological and physicochemical changes during storage were evaluated to assess product stability and safety. Yeast and mould counts increased gradually from day 0 to day 90, progressing from undetectable levels at the initial stage to higher counts at the end of the storage period. This gradual increase is expected in ready-to-eat products stored under ambient conditions; however, the counts remained within acceptable limits throughout the storage period, indicating satisfactory microbiological safety. The total plate count remained relatively constant over the 90-day storage period, reflecting effective hygienic practices during processing and the adequacy of the formulation in inhibiting excessive microbial growth.
Physicochemical analysis revealed only minimal changes during storage. The pH value showed a slight decrease from 6.30 at day 0 to 6.29 at day 90, which may be attributed to minor biochemical or microbial activity. However, this negligible change does not indicate significant deterioration and suggests that the product remained chemically stable. Moisture content remained unchanged throughout the storage period, demonstrating effective moisture control through appropriate formulation and packaging. Stable moisture levels are critical for maintaining textural quality and limiting microbial proliferation, further supporting the product’s extended shelf life.
Texture profile analysis showed that the developed Palmyrah snack bar exhibited lower hardness (76 g) compared to a selected commercial snack bar (96 g). This indicates that the formulated product was slightly softer and less sticky, attributes that are generally preferred by consumers, as excessively hard snack bars can reduce eating comfort and acceptance. The favourable texture may be attributed to the synergistic interaction between Palmyrah tuber flour, jaggery, fat, and other binding ingredients, which provided sufficient structural integrity without excessive rigidity.
Market potential assessment conducted through a structured survey of 250 respondents demonstrated positive consumer perception toward the developed snack bar. Respondents showed high awareness of health-related issues, expressed interest in fibre-rich and gluten-free products, and exhibited willingness to purchase the product at a competitive price (LKR). Health consciousness, lifestyle factors, and preference for natural and locally sourced ingredients significantly influenced purchase intention. These findings indicate strong market potential for Palmyrah tuber flour–based snack bars, particularly among health-conscious consumers, gluten-sensitive individuals, and young professionals.
[bookmark: _Hlk217564023]In conclusion, this study successfully developed a fibre- and iron-rich gluten-free snack bar using Palmyrah tuber flour with desirable sensory attributes, satisfactory nutritional quality, acceptable microbiological stability, and promising market acceptance. The findings demonstrate the feasibility of valorising underutilised Palmyrah resources through innovative value-added food products. Consumer preference for snack bars has increased significantly, with 37% of consumers worldwide having purchased one in the past few years. Therefore, such product development not only contributes to improving public health concerns and nutrition but also supports the development of industries in Sri Lanka.
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F1	Apperance	Taste	Texture	Aroma	Sweet	Overall Acceptablity	6.6	6	5	6.8	8	7.1	F2	Apperance	Taste	Texture	Aroma	Sweet	Overall Acceptablity	6.9	7	6.9	6.8	6.9	7.2	F3	Apperance	Taste	Texture	Aroma	Sweet	Overall Acceptablity	7.2	7.6	7.3	7.2	7.1	8.1999999999999993	F4	Apperance	Taste	Texture	Aroma	Sweet	Overall Acceptablity	6.4	6.7	6.3	6.6	6.3	6.5	



