



FORMULATION AND STANDARDIZATION OF MORINGA ENRICHED SORGHUM IDLI                                                                                
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Moringa Sorghum Idli is an innovative fusion of traditional South Indian cuisine and nutrient-dense ingredients designed to enhance the nutritional profile of the conventional idli. Millets are a group of nutrient-rich grains with many health benefits. Sorghum bicolor, commonly called sorghum and also known as great millet, sorghum. This idli provides low GI, is gluten-free, and is also effective on bone health, boosts immunity, controls blood sugar level, and improves nutritional intake.  It looks at the creation and evaluation of wholesome idlis enhanced with moringa leaves and sorghum, black gram. This variation caters to health-conscious individuals and those with dietary restrictions, offering a gluten-free, high-protein protein and nutrient-packed option. The combination of moringa and sorghum enhances the functional value of idlis, making it a wholesome, energy-boosting meal. The process of preparing moringa sorghum idlis involves simple fermentation techniques. This result holds potential as a beneficial option for enhancing individual well-being. 
Keywords: Gluten-free, Low Glycemic Index, Moringa leaves, Sorghum.
Introduction: 
Idli is a soft, pillowy steamed savory cakes made from fermented rice and lentil batter. In the morning, the ingredients used for the Moringa-enriched Sorghum idlis are sorghum, black gram, drumstick leaves, green chilli, ginger, and salt. Sorghum (sorghum bicolor) [Reddy et. al., 1982]. Sorghum, also known as white millet, is a gluten-free and protein-rich grain that is now being marketed as a healthy alternative to Maida. This nutrient-dense grain provides numerous health benefits, including weight loss, diabetes regulation, improved cardiac health, and increased energy levels. Moringa (Moringa oleifera) is rich in vitamins, minerals, and antioxidants. Idli offers several health benefits, including being low in calories and fat, high in fiber and protein, gluten-free, aiding digestion due to the fermentation process, providing sustained energy, and potentially helping with weight management thanks to their filling nature, making them a good choice. In India, Sorghum, also known as Jowar, has long been eaten as roti.  It is a notable alternative to all-wheat flour and is recognized to benefit humans in numerous ways. 
Sorghum is a grass crop that can withstand heat and drought and is grown for its grains and animal feed. It is also used in the production of alcoholic beverages and biofuels. Originating in Africa, it is widely cultivated in nations such as Nigeria, India, the United States, and Australia. The high fiber content of sorghum is one of the main reasons why Indians consume it. Sorghum is a popular grain among those with gluten allergies because it provides a wonderful source of energy and fiber without containing gluten. Moringa oleifera is a juice and flowers, bark seed leaf leaf seeds, is widely used in traditional medicine and leaves and immature seeds. There were no adverse effects related to public research. Public pentil studies using powdered medicines from all leaves of M Olefera have been published, which have demonstrated anti-hyperglycemic (antidiabetic) and anti-dilipidemic. These activities were confirmed using the extract, as well as the leaf powder, in research animals [Faizal et al., 2014]. 
Asia, Africa, and South America are home to the Moringa tree, sometimes referred to as the drumstick tree.  The "miracle tree" is a tree that offers numerous advantages.  Every component of this tree– the leaves, fruits, pods, blossoms, roots, and even sap and oil has therapeutic benefits; however, the leaves are particularly helpful and fit for ingestion.  Because moringa leaves have anti-inflammatory and antioxidant qualities, they can also be used to manufacture a variety of goods. Black gram has its origins in South Asia, where it has been cultivated since ancient times and is among the most valued pulses in India. It is commonly utilized in Indian cooking. In India, black gram is a significant pulse cultivated during both the Kharif and Rabi seasons. This crop is predominantly grown in southern India and the northern regions of Bangladesh and Nepal. It is also used in South Indian dishes. A fermented black gram (Phaseolus mungo L.) and rice (Oryza sativa L.) batter is steamed to create the Indian fermented dish known as idli. Compared to the raw, unfermented ingredients, it contributes significantly to the diet as a source of protein, calories, and vitamins, particularly B-complex vitamins.  
In developing nations, it can be made locally and used as a dietary supplement to treat kwashiorkor and protein-calorie deficiency.  When making an idli, black gram could be replaced with other legumes like Great Northern beans and soybeans. The process by which methionine is produced, the discovery and isolation of the bacteria that produce methionine, and the rise in methionine content during idli fermentation all require more investigation [Reddy et. al., 1982]. One of the lesser-known legumes, black grams are primarily farmed and eaten in tropical regions of the world, such as Thailand and India. Black gram [Phaseolus mungo L]. Proteins (albumins, globulins, prolamins, and glutelins), minerals (calcium, magnesium, phosphorus, zinc, and iron), vitamins, lipids, phytic acid, carbs, antinutritional factors (α-amylase inhibitor, trypsin and phytohemagglutinins), and the development of flatulence in rats after consuming processed black gram products are all covered in this review.  The effects of different food processing techniques (such as germination, heating, and fermentation) on black gram proteins, carbohydrates, phytic acid, and flatus factors are also discussed [Nasir et. al., 2022].

Materials and Methods:
Materials:
For the preparation of idlis, sorghum, black gram, drumstick leaves, green chilli, salt, garlic, and ginger were used.
Methods:
Preparation of idlis:
Parboiled the black gram. Washed and soaked separately in excess water for 8-10 hours. Ground separately in a traditional grinder to form a thick batter of pouring consistency, Sorghum and black gram batters mixed well with salt (2%). Fermented overnight for 12-15 hours. Blanching moringa leaves (for 3-4 minutes). Grind the fresh moringa leaves and ginger, garlic, and green chilli, and a little bit of salt. Add it to the batter. Batter poured into idli moulds and steamed for 7-10 minutes [Patel et. al., 2019]. A proper amount of Salt in the idli acts as a natural preservative, which helps to increase the shelf life of the idli premix. The composition of idli premix is as given in table 1.



Table 1: Composition of idli premix
	Sr. No.
	Ingredients
	Trial 1 (g)
	Trial 2 (g)
	Trial 3 (g)

	1
	Sorghum
	20
	20
	20

	2
	Black gram
	15
	15
	15

	3
	Drumstick Leaves
	0.5
	1.5
	2

	4
	Salt
	1.0
	1.5
	2

	5
	Ginger
	2
	2
	2

	6
	Garlic
	2
	2
	2



Sensory characteristics:
 		Sensory evaluation of idlis with varying ratios is conducted to discover the most favored idli. Panel members perform sensory evaluation of the idlis according to flavor, taste, and texture, and it was rated according to the 9-point hedonic scale, with the lowest score representing really dislike and the maximum score 8 and 9 representing extremely like [Pandey and Aier, 2023]. Semi-trained panel members from the Yashavantrao Chavan Institute of Science in Satara were asked to score the overall product on a 9-point hedonic scale using descriptive words ranging from 1 (Dislike extremely) to 9 (like extremely) as given in table no 2. They were evaluated for sensory characteristics such as appearance, color, taste, flavor, and texture.






Proximate Analysis:
Moisture Content: Following three hours of drying in an oven set at 105°C, the weight of a gm sample was used to calculate its moisture content. After being chilled to a consistent weight in desiccators. It was weighed once more [Ghafoor et.al, 2001].
Fat Content: Using a Soxhlet instrument, one gram of crushed sample was carefully weighed in a thimble and extracted with petroleum ether. The lipid content was determined by evaporating the ether extract [Ghafoor et.al, 2001].
Ash Content: A five-gram product was weighed into a silica crucible, burned, then collected over a brief flash until all of the solid was completely burned.  After cooling in the desiccator, the sample was heated in a muffle furnace at 550°C for four hours.  It was weighed again after cooling in the muffle furnace, and the cycle was repeated until two consecutive measurements were identical. The difference between the beginning and final weights was utilized to determine the percentage of Ash [Ghafoor et.al, 2001].
Protein content: Protein content was measured using a micro-Kjeldahl technique, which involves digesting 200 mg of material in concentrated sulphuric acid with one gram of catalyst combination for 2-3 hours at 100°C. It was distilled with 40% NaOH, and the released ammonium was caught in 4% boric acid before being titrated against 0.01N H2SO4 using a mixture indicator method (Methyl red: Bromocresol green 1:5) The proportion of was then determined using a method and the percent protein in the sample was approximated using a factor of 6.25 [Ghafoor et.al, 2001].











Results and Discussion:
The present investigation was carried out in the Department of Food Technology, Yashavantrao Chavan Institute of Science. Properties of idlis were studied. Moringa-enriched idli was prepared. 
Sensory Analysis Results 

Proximate analysis:
Proximate analysis of idlis was carried out by measuring the moisture content, protein content, fat content, and ash content to determine healthy idlis (Table 2).
Table 2 :  Proximate Composition Analysis Across Three Trials
	Sr. No.
	Parameters
	Trial 1 (T1)
	Trial 2 (T2)
	Trial 3 (T3)

	1
	Moisture (%)
	65.20
	63.00
	61.50

	2
	Fat (%)
	1.20
	1.00
	0.80

	3
	Protein (%)
	0.50
	0.60
	0.75

	4
	Ash (%)
	24.80
	26.53
	28.10



The sensory evaluation of the idli samples prepared from three different formulations (T1, T2, and T3) demonstrated distinct variations in appearance, color, odor, flavor, taste, texture, and overall acceptability. Among the three trials, Trial 2 (T2) emerged as the most preferred formulation based on the panelists’ mean sensory scores. The mean values recorded for T2 across all sensory attributes—appearance (8.1), color (7.3), odor (8.0), flavor (8.1), taste (8.3), texture (7.8), and overall acceptability (7.9)—were notably higher than those obtained for T1 and T3. This indicates that the compositional balance used in T2 contributed significantly to the product’s superior visual appeal, aroma, and palatability.
In contrast, Trial 1 (T1) and Trial 3 (T3) exhibited moderate acceptability with overall scores of 7.0 and 6.8, respectively. The relatively lower values for these samples may be attributed to slight imbalances in ingredient proportions, particularly the varying levels of drumstick leaves and salt. T1, with a lower concentration of drumstick leaves (0.5 g) and salt (1.0 g), may have lacked the desired flavor intensity and color uniformity. Conversely, T3, which contained higher proportions of drumstick leaves (2.0 g) and salt (2.0 g), might have exhibited a stronger herbal taste and slightly darker color, leading to reduced sensory preference. Therefore, the optimized combination of ingredients in T2 (1.5 g drumstick leaves and 1.5 g salt) resulted in a formulation that achieved an ideal balance between sensory appeal and nutritional enhancement.
The proximate composition analysis further supported the sensory evaluation findings. T2 exhibited a moisture content of 63%, indicating desirable softness and sponginess, typical of high-quality idlis. The fat content was found to be low (1%), which aligns with the health-oriented nature of the product, making it suitable for consumers seeking low-fat traditional foods. The protein content (0.6%) was moderate, primarily contributed by black gram and drumstick leaves, while the ash content (26.53%) was comparatively high, suggesting substantial mineral presence, possibly due to the inclusion of drumstick leaves known for their rich micronutrient profile.
These findings clearly indicate that T2 not only performed best in sensory evaluation but also demonstrated balanced nutritional characteristics. The increased ash and moderate protein values highlight the nutritional enhancement achieved through ingredient optimization. Furthermore, the relationship between sensory acceptability and proximate composition suggests that the improved formulation did not compromise product quality but, rather, enhanced both nutritional and sensory parameters.
The results are in close agreement with the observations reported by Patil et al. (2021) and Singh et al. (2020), who stated that optimized ratios of cereals and legumes in fermented foods improve both sensory appeal and nutritional value. The improved flavor and texture observed in T2 may be attributed to better fermentation efficiency and ingredient synergy, leading to favorable biochemical and structural changes during batter preparation.
Overall, Trial 2 (T2) can be considered the most suitable formulation for the development of nutritionally enriched idlis. It offers the best combination of taste, texture, and nutrient balance, making it a promising variant for consumer acceptance and potential product commercialization.
Conclusion:
The combination of moringa and sorghum in idli preparation offers significant nutritional benefits, enhancing the traditional idli with higher protein, fiber, and micronutrient content. Moringa, known for its rich supply of vitamins and minerals, complements sorghum's gluten-free and high-fiber properties, making the idli a healthier alternative for individuals with dietary restrictions. This innovation in traditional South Indian cuisine could help promote health-conscious eating habits while maintaining the sensory qualities of the original dish, such as texture and taste.
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fig 1 : Sensory Evaluation Results 
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