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ABSTRACT
The present research investigates the formulation, processing, and nutritional evaluation of millet-based ready-to-cook idli premix. Biofortified pearl millet (Dhanshakti variety) was incorporated in varying proportions (55%, 60%, and 70%) along with rice and black gram to develop the premix. For enhancement of the nutritional value of the idli as a rich source of protein, fibre, and minerals. future the premix was organoleptically evaluated and the premix (T3 sample) with 55% pearl millet showed the highest overall acceptability (8.1) in terms of taste, flavour, and texture compared to the control and other formulations. Nutritional analysis of the selected sample (T3) indicated a significant improvement in protein (13.08%), fibre (5.4%), and ash (1.64%) content compared to the control premix. The energy content of the selected premix was found to be 367.39 kcal/100g, while mineral analysis revealed a higher concentration of essential micronutrients like iron (48.70 mg/kg), calcium (290 mg/kg), and magnesium (925 mg/kg) in the millet-based premix. The premix was stored in different packaging materials (HDPE, LDPE, and aluminium laminated pouches) for a shelf-life study over 90 days, and findings suggest that the formulation retains its nutritional properties and quality under room temperature conditions up to without any incident of spoilage. This research highlights the potential of utilizing biofortified pearl millet to improve the nutritional profile of traditional idli, promoting food security and supporting climate-resilient agriculture through the use of millet.
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INTRODUCTION
Ready-to-cook foods are convenient and easy to prepare, requiring minimal time and effort (Bawa, 2007). Idli is a traditional Indian food made from a blend of cereals and legumes, naturally fermented and steamed to achieve a soft, spongy texture. It is widely popular and commonly consumed throughout India (Agrawal et al., 2000). This fermented dish plays a significant role in the diet by providing essential protein, calories, and B-complex vitamins, particularly when compared to its raw, unfermented components (Srilakshmi, 2003). Often referred to as a "rice cake," idli is especially favoured as a breakfast item in South India. Its spongy texture, appealing appearance, and pleasing taste, combined with its digestibility and nutritional benefits, contribute to its growing popularity both within India and abroad (Manay, 2001).
Pearl millet (Pennisetum glaucum) is a low-cost cereal grain that offers essential nutrients, including carbohydrates, protein, vitamins, and minerals, making it accessible to a broad population (Nazni & Shalini, 2010: Jadhav et al., 2024). It can be incorporated into rice to prepare idli (Dhillon et al., 2020). Additionally, the fermentation process helps to reduce the bitterness of pearl millet by decreasing its phytic acid and polyphenol levels (Rani et al., 2018).
Rice is a staple food for about two-thirds of the Indian population (Muthayya et al.). Brown rice, which is the whole grain with its bran layer and germ intact, is rich in essential nutrients such as dietary fibre, phytic acid, thiamine, riboflavin, niacin, magnesium, iron, phytochemicals, and fibre (Upadhyay and Karn, 2018).
Black gram is a suitable component for idli preparation because it contains mucilaginous substances that serve as a substrate for microorganisms during fermentation. The primary proteins found in black gram include albumins, globulins, and glutelins (Nazni & Shalini, 2010; Raut et al., 2024).
This study aimed to develop and analyse idli premix using different ratios of pearl millet, focusing on formulation, processing, and nutritional evaluation.











MATERIALS AND METHODS
This research was conducted at the College of Food Technology, VNMKV, Parbhani, during the 2023-24 academic year.
MATERIALS
The ingredients for producing the pearl millet-based ready-to-cook instant idli premix included the biofortified pearl millet variety Dhanshakti rich in iron and zinc, which was obtained from the Bajra Research Scheme at Mahatma Phule Krishi Vidyapeeth in Dhule, Maharashtra. Rice, black gram, and fenugreek were sourced from local markets in Parbhani, Maharashtra, India. All chemicals and reagents used for chemical analysis were purchased from reputable chemical suppliers. Analytical instruments and equipment for the research were provided by various Departments at the College of Food Technology, VNMKV, Parbhani, Maharashtra, India.
METHODS
Preparation of millet-based Ready-to-Cook Idli Premix
[bookmark: _Hlk177756046]“According to the formulation outlined in Table 1, the preparation of the pearl millet idli premix involved several steps. Ingredients of good quality were selected based on their quality parameters. The selected pearl millet grains were cleaned to eliminate any foreign matter and then weighed according to the recipe formulation. To remove any dirt, the grains were washed two or three times under running tap water. Pearl millet, rice, black gram, and fenugreek were soaked in separate vessels, with pearl millet soaking for 12 hours and the other ingredients soaking for 10 hours at room temperature. Following soaking, the grains were ground: pearl millet and rice were ground coarsely, while black gram and fenugreek seeds were ground into a fine paste. The mixture of these ground ingredients was then prepared. Black gram’s unique mucilaginous content aids in retaining carbon dioxide during fermentation, which is essential for idli preparation. The batter was left to ferment for 14 hours. After fermentation, the batter was mixed and salt (1 g/100g) was added. The batter was then spread on a tray to a thickness of 1 mm for uniform drying” (Roopa et al., 2017). “The spread batter was dried in a cabinet tray dryer at 70°C for 6 hours. Once dried, the batter was ground into powder using a grinder. The particle size distribution was analyzed using a digital sieve shaker, with 75% of the idli premix powder having a particle size of 425 μm and 25% having a particle size of 500 μm, as the standard. The resulting idli premix powder was packed in HDPE aluminium laminated standing pouches” (Farheentaj et al., 2017) and stored at room temperature.
Table 1: Formulation of Idli
	Ingredients (In gram)
	Proportion (For 100 gram)

	
	Control
	T1
	T2
	T3

	Pearl millet
	00
	70
	60
	55

	Rice
	70
	00
	10
	15

	Black gram
	30
	25
	25
	25

	Fenugreek
	00
	5
	5
	5



[bookmark: _Hlk177756091]Flow chart 1: Preparation of millet-based ready-to-cook idli premix
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Organoleptic analysis
Organoleptic evaluations of the four samples (control and T1 – T3) were conducted to assess acceptability using a 9-point Hedonic scale. The evaluation criteria included appearance, colour, taste, flavour, texture, and overall acceptability, with scores ranging from 9 (like extremely) to 1 (dislike extremely). “The assessments were carried out by trained and semi-trained panellists, who were provided with evaluation sheets. Each panellist tasted the idli product made from the idli premix powder, along with drinking water and a taste breaker. The average score was selected for the selection of standardised product formulation” (Wandhekar et al., 2021).
Physical properties of idli premix powder. 
The physical properties of the idli premix powder, including bulk density, tap density, true density, compressibility index, porosity, static friction, and angle of repose, were evaluated for the selected (T3) sample following the methods outlined by Micha (1983).
Proximate Analysis. 
“The proximate composition of the selected (T3) and control idli premix powders was analyzed. Moisture content was determined using the dry oven method (AOAC, 2000). The moisture-free samples were then analyzed for proximate constituents, including fat, protein, crude fibre, and ash content (AOAC, 2000). Carbohydrate content was calculated using various methods (AOAC, 1995). The total energy of the idli premix was computed by applying a conversion formula, where carbohydrates and proteins were multiplied by 4, and fats by 9. A mineral solution was prepared by digesting the ash samples, and minerals such as calcium (Ca), magnesium (Mg), phosphorus (P), zinc (Zn), iron (Fe), and copper (Cu) were quantified using standard methods” (Ranganna, 1986). All analyses were performed in triplicate, and the mean values were reported.
Re-constitutional properties of idli premix powder. 
The parameters including water absorption capacity (WAC), wettability, the time required for reconstitution, and the ratio of idli premix powder to water were measured following the procedures described by Wandhekar et al. (2021).
Shelf-life study analysis of idli premix powder. 
“In this study, the selected sample (T3) was stored at room temperature to evaluate its shelf life in various packaging materials, including HDPE, LDPE, and aluminium laminated pouches. Storage studies were conducted over 60 days, with assessments of moisture content, weight and overall acceptability performed every 30 days” (Farheentaj et al., 2017).

RESULTS AND DISCUSSION 
[bookmark: _Hlk177197303]Organoleptic evaluation of prepared idli premix powder
The organoleptic evaluation of the idli premix powder was conducted and the mean scores for various organoleptic characteristics of the idli premix and the prepared product for different formulations are summarized in Table 2, and the data is also illustrated using a spider plot graphical representation in Figure 1.
The organoleptic attributes were assessed using a 9-point Hedonic scale, where 9 represents "like extremely" and 1 represents "dislike extremely." The results indicated that the T3 sample received the highest overall acceptability score of 8.1 compared to the control. Sample T3 also achieved the highest scores for appearance, taste, colour, and flavour. Conversely, Sample T1 received the lowest scores across all parameters, with an overall acceptability score of 7.8.
[bookmark: _Hlk177756198]A 55% concentration of pearl millet was found acceptable by consumers due to its flavour and taste. Consequently, the acceptable concentration of pearl millet was determined to be 55%. The study also showed that the fibrous nature of pearl millet contributed to a soft and spongy texture in the prepared product. Although the incorporation of pearl millet altered the colour attributes, it was still well-received by consumers. Based on these findings, Sample T3, which achieved the highest scores and was found to be superior as compared to other samples, was selected for further studies.
Table 2: Organoleptic attributes of Pearl millet idli
	
	Sample
	SE±
	CD @5%

	
	Control
	T1
	T2
	T3
	
	

	Appearance
	7.8
	7.8
	7.8
	8
	0.022
	0.064

	Colour
	8
	7.7
	7.8
	8.1
	0.018
	0.053

	Taste
	7.9
	7.8
	7.8
	8.2
	0.074
	0.221

	Flavour
	7.9
	8
	8.1
	8.
	0.086
	0.251

	Texture
	8.1
	7.7
	7.9
	8
	0.061
	0.181

	Overall Acceptability
	7.9
	7.8
	7.9
	8.1
	0.117
	0.347








	Fig. 1. Organoleptic evaluation of pearl millet idli.
	Fig. 2. Pearl millet idli
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Physical properties of selected idli premix powder 
The various physical properties of the selected (T3) sample, including bulk density, tap density, true density, compressibility index, porosity, static friction, and angle of repose, were evaluated. The results are summarized in Table 3.
The bulk density, tap density, and true density of the sample were 585 kg/m³, 764 kg/m³, and 1241 kg/m³, respectively. These density values are crucial for designing appropriate packaging materials and container sizes. The compressibility index of the sample was 21.76%, which influences the appearance of the container's contents when it reaches the consumer. The sample exhibited a porosity of 51.09%. Additionally, the static friction was 0.43, and the angle of repose was 41.18°. The angle of repose is important for designing hoppers and assessing the powder's resistance to flow under gravity.
[bookmark: _Hlk177756429]Table 3: Physical properties of selected idli premix powder (T3).
	Parameters
	Values 

	Bulk density (kg/m3)
	585

	Tap density (kg/m3)
	764

	True density (kg/m3)
	1241

	Compressibility index (%)
	21.76

	Porosity (%)
	51.09

	Static friction
	0.43

	Angle of repose (°)
	41.18



Proximate composition of idli premix powder.
Proximate composition analysis provides insights into the nutritional content of the samples. The proximate composition of both the control and the selected sample T3 was assessed, evaluating parameters such as moisture, protein, fat, carbohydrate, crude fibre, and ash content. The results of these evaluations are presented in Table 4.
“The idli premix powder falls into the category of non-perishable food commodities, as evidenced by the moisture content of 5.2±0.55% for the control sample and 5.65±0.22% for the T3 sample. The T3 sample exhibited a higher protein content compared to the control, with values of 13.08±0.1% and 11±0.3%, respectively. This increase in protein is attributed to the soaking and fermentation processes” (Sathe & Mandal, 2016). “The fat content was 3±0.06% for the control and 4.43±0.04% for the T3 sample. The carbohydrate content of the T3 sample was 68.8±0.5%, while the control sample contained 74.4%. The T3 sample also had a higher crude fibre content compared to the control, with values of 5.4±0.06% and 4.1±0.05%, respectively, due to the high fibre content of pearl millet” (Changmei & Dorothy, 2014). The ash content was slightly higher in the T3 sample at 1.64±0.03% compared to 1.3±0.02% in the control, a result of the incorporation of pearl millet. Overall, the T3 sample was found to be a superior source of nutrients, providing a good amount of protein, carbohydrates, and crude fibre compared to the control.
[bookmark: _Hlk177756607]Table 4: Proximate composition of idli premix powder.
	Nutrients
	Values (%)

	
	Control
	T3

	Moisture content
	5.2±0.55
	5.65±0.22

	Protein
	11±0.3
	13.08±0.1

	Fat
	3±0.06
	4.43±0.04

	Fibre
	4.1±0.05
	5.4±0.06

	Carbohydrates
	74.4±0.8
	68.8±0.5

	Ash content
	1.3±0.02
	1.64±0.03



Energy value of idli premix powder 
The total energy content of the sample was calculated by multiplying the carbohydrate, protein, and fat contents by 4, 4, and 9, respectively. The results are presented in Table 5 below. The control sample of the idli premix contains 368.6 kcal of total energy per 100g. The selected sample T3 had a total energy content of 367.39 kcal per 100g. The energy content of the T3 sample is comparable to that of the control sample.


[bookmark: _Hlk177756696]Table 5: Energy value of idli premix powder.
	[bookmark: _Hlk176866466]Sample
	Proximate composition/100g
	Total energy (Kcal)

	
	Carbohydrates (g)
	Protein (g)
	Fat (g)
	

	Control
	74.4±0.8
	11±0.3
	3±0.06
	368.6

	Pearl millet idli premix
	68.8±0.5
	13.08±0.1
	4.43±0.04
	367.39



Mineral composition of idli premix powder 
[bookmark: _GoBack]Minerals such as iron (Fe), zinc (Zn), calcium (Ca), magnesium (Mg), and potassium (K) were analyzed for both the control and the selected sample. The results are summarized in Table 6. The mineral content of the idli premix for both the control and selected (T3) samples was evaluated, revealing that the T3 sample contained higher levels of minerals compared to the control. “Specifically, the iron and zinc content in the T3 sample was 48.70±0.41 mg/kg and 15.65±0.29 mg/kg, respectively, whereas the control sample had iron and zinc levels of 19.1±0.31 mg/kg and 16.6±0.18 mg/kg, respectively. The significant increase in mineral content in the T3 sample is attributed to the incorporation of pearl millet” (Gull et al., 2014). “Additionally, the calcium, magnesium, and potassium contents were found to be 290±0.8 mg/kg, 925±0.7 mg/kg, and 2940±0.9 mg/kg in the T3 sample, compared to 223.8±0.7 mg/kg, 706±0.6 mg/kg, and 4465±0.8 mg/kg in the control sample. This study suggests that incorporating pearl millet can enhance the mineral content of the product, helping to meet daily mineral requirements” (Wang et al., 2011).
[bookmark: _Hlk177756735]Table 6: Mineral composition of idli premix powder.
	Mineral
	Value (mg/Kg)

	
	Control
	T3

	Iron
	19.1±0.31
	48.70±0.41

	Zinc
	16.6±0.18
	15.65±0.29

	Calcium
	223.8±0.7
	290±0.8

	Magnesium
	706±0.6
	925±0.7

	Potassium
	4465±0.8
	2940±0.9



Reconstitutional properties 
The results indicated that the water absorption capacity of the idli premix powder was 135%. The wettability of the powder was measured at 52 for 10 g/sec. The optimal ratio of idli premix powder to water was found to be 1:1.6 (1000 g:1600 ml). To achieve the proper consistency of the batter, reconstitution required 40-45 seconds of continuous stirring with a glass rod.
Shelf-life of selected idli premix powder 
The shelf-life of the prepared idli premix powder was assessed over a period of 90 days at room temperature. The study focused on parameters such as weight, moisture content, and overall acceptability. Various packaging materials, including HDPE standing pouches, LDPE pouches, and aluminium pouches, were used for the analysis. The results are summarized in Table 7. A slight increase in the weight of the samples over time. Among the different packaging materials, the HDPE standing pouch was found to be the most suitable. The product packed in the HDPE standing pouch received the highest sensory score, with an overall acceptability score of 7.9 after 90 days, making it the most acceptable packaging option.
[bookmark: _Hlk177756777]Table 7: Shelf-life study of selected idli premix powder.
	Days
	Packaging material
	Parameters

	
	
	Weight (g)
	Moisture (%)
	OAA

	0
	HDPE
	50
	5.60
	8.1

	
	LDPE
	50
	5.60
	8.1

	
	Aluminium pouch
	50
	5.60
	8.1

	30
	HDPE
	50
	5.60
	8.1

	
	LDPE
	50
	5.60
	8

	
	Aluminium pouch
	50
	5.60
	8.1

	60
	HDPE
	50.06
	5.62
	7.9

	
	LDPE
	50.08
	5.63
	7.7

	
	Aluminium pouch
	50.11
	5.63
	7.6

	90
	HDPE
	50.12
	5.64
	7.9

	
	LDPE
	50.16
	5.65
	7.6

	
	Aluminium pouch
	50.22
	5.65
	7.6

	*OAA - Overall Acceptability



CONCLUSION 
The standard recipe for making pearl millet-based instant/ready-to-cook idli premix calls for 55% pearl millet, 15% rice, 25% black gram dal, and 5% fenugreek.  The idli premix powder that was made had a big improvement in its nutritional profile, especially in terms of protein and micronutrients.  It was found that the product could last up to 60 days at room temperature.  This study shows that pearl millet idli premix could be a great convenience food because it has better nutritional value to meet future needs.




FUTURE SCOPE 
In the coming days, millet-based value-added food products are expected to offer various health benefits due to their nutritional content. Future products could include other millet such as barnyard millet and great millet along with pearl millet. By storing these products at refrigerated temperatures, their shelf life could be extended to 4-5 months (120-150 days). Enhancing the nutritive value through these processes will likely boost the consumption of millet, which can significantly contribute to improving global nutrition. Additionally, this presents opportunities for entrepreneurship in developing processes for producing value-added millet food products.
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