Effect of different drying methods on nutrient retention characteristics of the pearl millet-based functional food supplement ingredients
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ABSTRACT
The development of functional foods requires careful selection of processing conditions that preserve the nutritional quality of raw materials while ensuring their suitability for formulation and storage. Cereals and legumes such as pearl millet (Pennisetum glaucum), green gram (Vigna radiata), and peanuts (Arachis hypogaea) are nutritionally rich; however, their macro and micronutrient content is susceptible to degradation during thermal processing. Therefore, identifying ingredient-specific processing conditions is essential. This study evaluated the effects of Low Temperature Long Time (LTLT) and High Temperature Short Time (HTST) processing on selected raw materials to identify the most suitable condition for nutrient retention and functional food application. Pearl millet, green gram, and peanuts were cleaned and processed under controlled LTLT and HTST conditions, followed by drying and grinding. The processed samples were compared with raw materials to assess the influence of thermal treatment on nutritional stability. The findings indicated clear ingredient dependent responses to processing conditions. Moisture content, expressed on a wet basis, decreased substantially after processing and was approximately 2-8%, indicating suitability for storage. Protein content of green gram and peanuts remained relatively stable under both processing conditions, with values in the range of 22-26% for green gram and 25-30% for peanuts. HTST processing resulted in greater moisture reduction in these two ingredients, suggesting improved shelf-life potential. In contrast, pearl millet exhibited higher protein retention under LTLT processing, with protein values of 10-13%, whereas HTST- treated pearl millet showed reduced protein levels of approximately 5-8%, indicating greater sensitivity to high-temperature exposure. Carbohydrate content remained within expected ranges for cereals and legumes (approximately 60-70%), with only marginal variation between processing conditions. Overall, the results confirm that HTST processing is suitable for green gram and peanuts, while LTLT processing is more appropriate for pearl millet, emphasizing the importance of ingredient-specific thermal processing strategies in functional food development.
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1. Introduction

The global shift toward sustainable and health-focused food systems has intensified research into optimizing food processing methods that preserve nutritional quality while enhancing functionality. Thermal processing, particularly drying, is a critical step in the development of shelf stable food products, but it can significantly alter the nutritional profile of raw ingredients. The selection of appropriate drying parameters is therefore essential in functional food development, where the retention of bioactive compounds and macronutrients directly influences the health promoting potential of the final product.
Pearl millet (Pennisetum glacum) is a climate resilient, nutrient-dense cereal widely cultivated in arid regions, including Sri Lanka. Its utilization in value-added products, however, remains limited, partly due to challenges in processing that preserve its inherent nutritional advantages. Two prominent drying methodologies are commonly employed in food processing: Low-Temperature-Long-Time (LTLT) and High-Temperature-Short-Time (HTST) offers advantages in energy efficiency and throughput. The differential responses of various food matrices such as cereals and legumes to these drying regimes remain underexplored, particularly in the context of composite functional food formulations. 
This study aims to systematically compare the effects of LTLT and HTST drying on the proximate composition of core ingredients pearl millet, green gram and peanuts. Apply these insights in developing a nutritionally optimized, pre-cooked pearl millet based functional supplement. By identifying ingredient-specific optimal drying conditions, this research provides a processing frame work that balances nutrient retention with operational efficiency, contributing to the sustainable production of nutrient-dense functional foods.

2. Materials and method 

2.1 Materials
Fresh pearl millet grains, was sourced from pallueir pvt ltd, in karai nagar in Jaffna and green gram (Vigna radiata) and peanuts (Arachis hypogaea) were brought form local markets in Kilinochchi.



2.2 Methods

2.2.1 Drying Treatments for core ingredients
	Ingredient

	LTLT
	HTST

	Pearl millet grains

	100-110°C, 20-30 minutes
	140-150°C,5-10 minutes

	Green gram grains

	90-100°C, 15-25 minutes
	130-140°C, 5-7 minutes

	Peanuts

	130°C, 15 minutes
	150°C, 5 minutes 







All dried samples were ground into fine powder using a laboratory grinder and store in   airtight containers.
2.2.2 Proximate Analysis
Moisture, ash, protein (Kjeldhal method), fat (Soxhlet), fiber (Fiber Analyzer), and Carbohydrate (by difference and phenol-sulfuric acid method), total sugar (DNS) method contents were determined following AOAC (2000) methods for both raw and processed samples.

2.2.3 Statistical analysis
All analyses were performed in triplicate. Data were analyzed using one-way ANOVA and mean separation was done with Duncan’s test (p < 0.05) using SPSS software.


3. Results and Discussion 

3.1 Proximate composition of dried ingredients
The proximate composition of pearl millet, green gram, and peanuts processed under raw, Low Temperature Long Time (LTLT), and High Temperature Short Time (HTST) conditions was evaluated to determine the most suitable processing method for nutrient retention. Moisture content, expressed on a wet basis, decreased substantially following thermal processing and was observed within the typical range for dried ingredients (approximately 2-8% for peanuts and 8-12% for green gram and pearl millet) total sugar contents get slight impact on thermal processing did not showed drastic changes. Green gram and peanuts processed under both LTLT and HTST conditions did not exhibit substantial reductions in protein content compared to raw samples, indicating relative thermal stability of legume proteins. (Approximately 22-26% for green gram and 25-30% for peanuts), HTST processing resulted in greater moisture reduction in these ingredients, contributing to improved shelf stability. In contrast, pearl millet showed higher protein retention under LTL processing (approximately 10-13%) compared to HTST processing (approximately 5-8%), demonstrating increased sensitivity of millet proteins to high-temperature short time exposure. Carbohydrate and fat contents remained within expected ranges for cereals and legumes, with only marginal variation between processing conditions. These findings support the suitability of HTST processing for green gram and peanuts and LTLT processing for pearl millet, reinforcing the need for ingredient specific thermal processing strategies in functional food development.







3.2 Implications for functional food processing 
The results underscore the importance of ingredient specific drying strategies that consider raw nutritional baselines. While HTST is suitable for legumes with minimal nutrient deviation from raw forms, LTLT is critical for cereals to preserve protein integrity and bioactive compounds close to their natural state. This selective processing can enhance the nutritional efficacy of fortified foods without compromising production feasibility.

4. Conclusion
This study demonstrates that drying method selection significantly impacts the proximate composition of ingredients compared to their raw forms in pearl millet-based functional supplements. HTST was effective for legumes without significant nutrient loss compared to raw samples. Whereas LTLT was effective for pearl millet. The hybrid drying strategy resulted in a nutritionally enhanced final product that maintains proximity to raw ingredient quality, confirming that tailored thermal processing can optimize nutrient retention in functional food development. Future studies may explore the bioavailability of nutrients and scale up feasibility of this optimized drying protocol.
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