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[bookmark: _Hlk218039795][bookmark: _Hlk218103534][bookmark: _Hlk218030810]The Palmyrah palm (Borassus flabellifer) holds significant socioeconomic importance in Sri Lanka, particularly in northern and eastern dry regions, including Jaffna, Kilinochchi, and Batticaloa, where over 11 million trees are documented (Jayatissa et al., 2017). This indigenous species dominates agricultural landscapes after paddy, with concentrated distributions in the Northern Province and recent plantings in Puttalam and Hambantota (Jayatissa et al., 2017). Traditional Palmyra-based industries have flourished for centuries, producing diverse handicrafts and food products that gain increasing domestic and international market attention. The tree's multipurpose utility supports rural livelihoods, with nearly 82% of Sri Lanka's Palmyra’s located in conflict-affected northern areas, making it crucial for postwar economic recovery (Palmyrah Development Board, 2011). While the industry remains largely artisanal, growing demand for natural products presents opportunities for value-added commercialization. The sector faces challenges of underdeveloped processing technologies and limited mechanization, despite the tree's drought resilience and ecological adaptability (Jayatissa et al., 2017). 
A popular breakfast food in South Asia, especially in India and Sri Lanka, idli is a steamed fermented product made traditionally from rice and dehulled black gram (Vigna mungo). Its soft texture, high digestibility, and balanced nutritional profile make it a popular choice (Shobha et al., 2011). In addition to improving the organoleptic qualities of idli, fermentation increases the nutrients' bioavailability, including proteins, vital amino acids, and B vitamins, while lowering anti-nutritional factors (Chelliah et al., 2019). The current period is seeing a rapid change in consumer lives, which is driving up demand for quick-to-prepare food items that don't sacrifice nutritious value. According to Singh et al. (2017), instant mixes and semi-processed meals are consequently essential in the food industry since they serve urban populations, working people, and busy households. 
Native to South and Southeast Asia, the Palmyra palm (Borassus flabellifer L.) is a tropical tree that can withstand drought and is commonly grown in Sri Lanka, India, and Thailand (Mohan and Kalidass, 2010). Its fruit pulp has a high β-carotene concentration (2.5-4.5 mg/100g) and is a powerful source of provitamin A (Arunachalam et al., 2011), which makes it useful for nutritional fortification. Due to processing difficulties, industrial adoption is still restricted despite traditional usage (such as fermented drinks and jaggery) (Prakash et al., 2012). Carotenoid extraction is made more difficult by the pulp's mucilaginous texture and high fiber adherence (Devi et al., 2020), and its heat-sensitive carotenoids break down during standard processing (Hettiarachchi et al., 2021). 
Instant or fortified versions of traditional dishes, like idli, are important because they satisfy contemporary demands for convenience and practicality while maintaining the cultural and health benefits of ethnic diets. Therefore, combining traditional fermented dishes like idli with new ingredients represents a sustainable way to integrate heritage diets and modern food systems while also supporting nutritional development (Srilakshmi, 2018). Therefore, this study aims to develop and evaluate a fortified instant idli batter mix enriched with Palmyrah pulp to enhance its nutritional, functional, and sensory qualities. 
The study focused on the formulation and evaluation of a nutrition riched idli batter using Palmyrah pulp as the primary functional ingredient. Product development and laboratory analysis were carried out at the Palmyrah Research Institute (PRI), Jaffna. Crude fiber analysis was conducted at the Faculty of Technology, Eastern University of Sri Lanka. The study employed quantitative research design involving product formulation, laboratory analysis, sensory evaluation, and consumer market assessment. Raw materials used in the formulation included Palmyrah pulp, rava (semolina), black gram, salt, yeast. These ingredients were procured from the Kaithady supermarket and Palmyrah Research Institute. Palmyrah fruits were properly cleaned with hot water. The pulp was then manually removed and blended to homogenized and filtered for the idli batter formulation.

Table 1: Five idli batter formulations
	Formulations
	
T0

	T1
	T2
	T3
	T4

	Palmyrah Pulp (fresh) (g)
	0
	10
	20
	30
	40

	Rava (g)
(Semolina)
	80
	70
	60
	50
	40

	Black gram dhal Butter(g)
	15
	15
	15
	15
	15

	Salt (g)
	3
	3
	3
	3
	3

	Yeast (g)
	2
	2
	2
	2
	2



According to Table 1, five idli batter formulations were prepared by incorporating Palmyrah pulp at levels of 0%, 10%, 20%, 30% and 40% (as T0, T1, T2, T3, and T4), while maintaining constant proportions of the other ingredients. Then Semolina (rava) was sieved and parboiled. Following boiling, the Rava was allowed to cool to room temperature and kept dry until it was added to the batter mixture. After a premium black gram was chosen, dehulled, and cleaned. Soaking for three to four hours. Following soaking, the dhal was drained and ground with a grinder or blender into a fine, smooth batter. To prevent early fermentation, the batter was kept in a controlled environment prior to being used to make the idli mix. The idli mix's base batter was made by weighing the proper amounts of parboiled Rava, black gram batter, and salt. Then added different fortification of Palmyra pulp (0%,10%, 20%, 30%, and 40%). The batter samples were sealed in airtight Stand-pouches with Zip -lock after mixing and kept in a refrigerator between 0 and 4 °C until they were tested and evaluated further. Before cooked the idli cool down the batter and add 2g yeast the fermented 1 hour after adding to idli molds. Sensory evaluation was conducted using a 9-point hedonic scale with 30 trained panelists. Attributes evaluated included colour, aroma, texture, taste, appearance and overall acceptability.  
Nutritional composition, including crude fiber, ash, salt, crude fat was determined according to standard AOAC methods, and protein was determined Kjeldahl method. Mineral analysis for calcium, magnesium, sodium, and potassium was carried out standard analytical techniques. 
Fig 1 – sensory evaluation
[bookmark: _Hlk219791922]Physicochemical properties such as pH, titratable acidity, and moisture content, brix, energy content were also analyzed following AOAC protocols. Microbiological analysis included total plate count and yeast and mould and coliform, performed according to ISO. 
The sensory evaluation successfully discriminated among the five Palmyrah pulp–based idli batter formulations, demonstrating the effectiveness of the 9-point hedonic scale in identifying consumer preferences. Following Figure 1 Among the tested formulations, formula 3 (T3) achieved the highest mean scores for appearance, taste, texture, aroma, and overall acceptability. This indicates that formula 3 (T3) possessed a well-balanced sensory profile, where sponchy, flavor intensity, and textural attributes complemented each other effectively. In contrast, Formulas T2 and T4 showed moderate acceptability across most sensory attributes, suggesting that both lower and higher inclusion levels of Palmyrah pulp slightly affected consumer perception. 
Based on the sensory evaluation outcomes, Formula T3 was selected for further nutritional, microbiological, physicochemical, and market analysis. Nutritional composition analysis revealed fiber (10.74%), fat (0.12%), salt (2.33%), protein (12.02%), ash (2.73%) ensuring both shelf stability and product safety. The physicochemical analysis revealed moisture (62.19%), pH (5.62), energy (316.76 kcal), titratable acidity (0.24%), and brix (10.520). suggesting that the product can serve as a healthier alternative without compromising caloric adequacy.
Microbiological analysis confirmed the safety of the product, showing absence of coliforms and acceptable yeast and mold counts, indicating effective hygienic processing and satisfactory shelf stability.
In conclusion, the “Development and Quality Evaluation of Fortified Instant idli batter mix enriched with Palmyrah pulp” presents a promising alternative to traditional functional food-based product. Many research studies show that the replacement of idli. Comprehensive evaluation of idli batter formulations enriched with Palmyrah pulp clearly indicates that the proportion of Palmyrah to idli batter plays a critical role in determining the product’s quality, nutritional value, and consumer acceptability. Among all the tested formulations, T3 sample emerged as the best sample, achieving the highest scores in sensory attributes such as color, aroma, taste, and appearance and overall acceptability. This superior performance is attributed to its balanced taste, appealing aroma, smooth texture, and harmonious combination of idli batter and Palmyrah flavors, which were preferred by the sensory panel. The nutritional quality parameters such as protein, fiber, fat, salt, minerals and ash of the Palmyrah pulp incorporated rava-based idli batter samples were analyzed at the laboratory. According to the physio-chemical analysis conducted on Palmyrah pulp based idli batter revealed that pH, titratable acidity, moisture content, and °Brix, energy within acceptable limits, ensuring both shelf stability and product safety. Overall, the study concludes that T3 represents optimal formulation, successfully integrating the nutritional benefits of Palmyrah with the characteristic flavor and aroma of batter. This value-added product offers strong potential for commercial-scale production, supports sustainable utilization of underexploited Palmyrah resources, and provides consumers with a nutritionally enriched, safe, and highly acceptable fruit-based condiment. 
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Hedonic sensory evaluation 

T0	Color	Aroma	Taste	Texture	Appearance	Overall Acceptability	7.12	7.25	7	6.88	6.88	7.12	T1	Color	Aroma	Taste	Texture	Appearance	Overall Acceptability	6.71	6.14	6.43	6.43	6.29	6.57	T2	Color	Aroma	Taste	Texture	Appearance	Overall Acceptability	7	5	6	5.75	5.12	5.88	T3	Color	Aroma	Taste	Texture	Appearance	Overall Acceptability	7.29	7.14	7.57	6.86	6.57	7	T4	Color	Aroma	Taste	Texture	Appearance	Overall Acceptability	6.75	6.75	6.75	7	7.38	6.88	



