Formulation of Millet-Based Micronutrient-Rich Ready-to-Eat Products 
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The present study delineates a ragi-based product incorporating flaxseed and curry leaf powder, which has great potential in preventing and managing PEM and micronutrient deficiencies among children and other vulnerable groups, including women and the elderly. The attributes of sensory evaluation of the ready-to-eat products, i.e. cupcake and mathri, were colour, odour, flavour, texture, and overall acceptability. Trained panelists did the sensory evaluation. The most acceptable was T1 of the cupcake, as well as T1 of the mathri. Proximate analysis of cupcake and mathri were moisture (11.753% and 5.683%), Ash (1.84% and 1.903%), (12.647% and 7.973%), (13.727% and 14.807%), (8.753% and 11.53%), (59.833% and 69.633%). Spectrophotometry analysis were (potassium 139.223mg and 81.983mg), (calcium 80.18 mg and 78.637 mg), (iron 1.69 mg and 2.19 mg). It had a shelf life of 1.1 × 102 cfu/g at 10 days, 2 × 103 cfu/g at 30 days, and 3.5 × 103 cfu/g at 60 days.  The shelf life of mathri was in T1 had a shelf life of 1×102 cfu/g at 10 days, 3.6×103 cfu/g at 30 days, and 4.1×104 cfu/g at 60 days. Keywords: Micronutrient Deficiencies, Millets, Finger millet, Flax seeds, Curry leaves, Millets, Ready-to-Eat
Introduction
Micronutrient deficiencies such as iron deficiency anaemia, vitamin A, zinc, vitaminB12/folate, vitamin D and iodine deficiency continue to pose a serious public health challenge in India. They significantly affect Health and well-being across all stages of life Despite of expansion of national nutrition programme large section of population particularly children, adolescents, and women of reproductive age Continue consumed diets that fail to provide sufficient amounts essentials vitamin and minerals do not support their effective absorption. These have largely Invisible deficiencies often referred to “Hidden Hunger”. They subtly but persistently impair physical growth, and affect immune system, limit cognitive development and adversely affect reproductive health thereby reducing overall quality of life.
High levels of anaemia and multiple micronutrient deficiencies indicate diets that are largely monotonous dominated by refined serials and low diversity such diets often provide a recent energy but fall short in supplying essential macronutrients while the presence of anti-nutritional factors further reduces mineral bioavailability., Consequently intervention targeting individual nutrients Frequently failed to achieve lasting improvements in overall nutrition status
Iron deficiency anaemia the most preval Migrant disorder in India serves as indicator of overall nutritional inadequacy is essential for haemoglobin synthesis often transport energy metabolism And immune function When Irene take or absorption is insufficient individual experience Fatigue reduce physical capacity and impure cognitive function in children deficiency as long lasting effects on brain development and learning ability while Bregman movement it increases the risk of maternal mortality low birth weight and pre term delivery (8)
Vitamin A play a vital role in Vision in Competence epithelial integration growth Deficiency Increases sucssaibility to infections and remains a leading cause of preventable childhood blindness in India Vitamin A deficiency primarily affects preschool children Particularly those from economically disadvantaged households by Base evidence from the comprehensive National Nutrition Survey In the That approximately 16 to 22% Of children have So suboptimal Vitamin A Status (16)
Zinc deficiency is another widespread but often overlooked micronutrient problem in India zinc Is essential for immune function cell division wound healing and normal growth Additionally he is associated with gun Entries Darius and rescuing se There is immune response CNN Tata shows that nearly one fifth of and then add one third of hydrogen in India have now serum Zinc concentration (31).
I agree with essential for the synthesis of higher hormones which I believe metabolism brought and wind development already in the deficiencies disorder Injured Goiter, Hypothyroidism Indian cognitive development and complicated Pregnancy Outbound India’s universal sold ionization programme was being one of the most successful public health interventions in reducing severe ibn deficiency Currently over 90% people consume iodide salt (30) These deficiencies are particularly concerning among adolescent girls and women of reproductive age as they increase the risk Megaloblastic anaemia neural tube defects an adverse pregnancy outcome predominantly vegetarian dietary patterns low intake of animal source food and increased physiological demand during growth And pregnancy contribute significantly of these deficiencies
Vitamin D deficiency has emerged as Widespread public health issues in India Paradoxically Population despite abundant sunlight study estimate that 50 to 90% of individuals Where sub optimal vitamin D levels (20). Vitamin D is essential for calcium absorption bone health and immune regulation deficiency can lead to decades in children also Malaysia and osteoporosis and adults and may increase susceptibility to infection and non-communicable disease Several sectors contribute to widespread vitamin D deficiency including limited sun exposure due to indoor lifestyle air pollution darker skin pigmentation and low dietary intake of vitamin D risk force addressing this efficiency requires Both the aerial and Directory interventions along with targeted supplementation were necessary
 Micronutrients are needed in tiny amounts, but their role in our health is anything but modest.  Enzymes and hormones are made up of micronutrients in our bodies and keep the body growing, and give us the energy to live fully. When they’re missing, the effects can range from low energy and poor focus to serious, even life-threatening conditions. Sadly, people in low- and middle-income countries are often hit hardest by these deficiencies. Nature has its nutritious solution in the form of millets. 
The ready-to-eat food products are pre-cooked and pre-packaged meals that require no more preparation or cooking. These products have attracted the attention of everyone as they are easily accessible, are eaten immediately, and do not need any further cooking. So, everyone thinks that the products are more effective than a normal meal and they can switch over to these only, which is not a healthy option. These are served hot, and if it is a healthy option, can be nutritious and can fulfil nutritional needs and deficiency symptoms. 
Ancient ready-to-eat food snacks provide an array of delicious, crunchy, and fragrant treats that encapsulate the spirit of traditional home-cooked dishes in a convenient package form. They have a mix of savoury and sweet varieties. The varieties range from savoury foods such as spicy namkeen bhujia, mathri, dal moth, samosa, and kachori to sweet varieties such as soan papadi, pudding, halwa, and jalebi.
Millets are small-seeded grains that have been cultivated for centuries, and they are naturally gluten-free and rich in nutrients. Known as “nutri-cereal,” millets are tough, climate-resilient crops that help ensure food security while also supporting better nutrition (23). Today, millet-based RTE foods range from ladoos and chaklis to biscuits, noodles, cakes, and rusks. They not only provide foods for convenient snacking but also aid digestion, weight control, blood sugar regulation, reduced cholesterol, and general well-being.
 Millets have more benefits for example, are hardy, sustainable grains packed with fibre, protein, calcium, and essential amino acids, with finger millet standing out for its richness (13). Finger millet also known as Raggi Is a traditional snack that has grown renewed attention for its exceptional nutritional and health promoting properties Long valued in Indian diets, Finger millet Stand out among serials of its richness High fibre and presence of wire active compounds making it particularly relevant in the context of complementary nutrition and public health challenges.
Millet as functional foods are increasingly recognized as a practical and culturally appropriate strategy to address Hidden hunger Millet such as thinker millet are naturally rich in Dietary fibre and bioactive compounds Traditional processing techniques including malting fermentation germination Can further enhance their nutrition value by improving mineral adsorption and reducing anti nutrition factors (22). Beyond their nutrient Density Millets offer functional benefits such as Improve glycemic control anti nutritional Antioxidant active and greater sativity making them suitable for addressing both micronutrient deficiencies and Emerging diet related chronic disease Their climate resilience and affordability for the sentence their relevance force table nutrition and food security
One of the most significant nutritional advantages of finger millet is its high calcium content which is considered Higher than that of common consumed serials such as rice and wheat this makes it especially beneficial for supporting more health and maintenance particularly among children adolecsents And older adults who may have limited access to dairy products finger millet also provides iron contributing to improved dietary iron intake and offering potential benefits in population At risk of Iron deficiency anaemia the decision processing methods such as malting and fermentation can further enhance mineral bioavailability by reducing anti nutritional factors.
In addition finger millet is rich in Dietary fibre did suppose the restive health promotes salty and helps regulate blood glucose level It Low in glycemic index makes it especially suitable for individuals with diabetes Add risk Metabolic disorders and it helps to Moderate post paradigm blood glucose Response (25) The grain is also valuable source of polyphenols and antioxidants which help to reduce oxidative stress and may lower the risk of chronic diseases such as cardiovascular diseases and diabetes (5)
Flaxseeds add another boost, being one of the best plant sources of omega-3s, and alpha-linolenic acid which protect the heart and fight inflammation (15). It is also rich in fibre, which regulates digestion, prevents constipation, controls weight, and blood sugar, thus making it very valuable for individuals who are risk of diabetes (18). Minerals like potassium phosphorus and calcium also contribute to its advantage.
Medicinal plants and functional foods also play a significant role in enriching the nutritional content of RTE products. Curry leaves (Murraya koenigii), for example, have been used in traditional medicine for centuries. They contain active compounds like mahanimbine, girinimbine, and murrayazoline, which possess antioxidant and antimicrobial activities, and are investigation for drug development prospects (3). Curry leaves, common in South Asian kitchens, not only bring aroma and taste but also supply vitamins, iron, and calcium, long valued in traditional remedies (22). 
These days, people are more attracted to instant and fast-cooked food in the market, i.e. ready-to-eat foods that are mostly unhealthy and made of artificial things. They are preferred because of their preparation, consumption, and storage for a longer period. So, today, convenient ready-to-eat foods, whether soft cupcakes or crunchy mathri, help blend nutrition with taste and lifestyle. 
The ready-to-eat food products are pre-cooked and pre-packaged meal that requires no more preparation or cooking. These products have attracted the attention of everyone as they are easily accessible, are eaten immediately, and do not need any further cooking. So everyone thinks that the products are more effective than a normal meal and they can switch over to these only, which is not a healthy option. These are served hot, and if it is a healthy option, can be nutritious and can fulfil nutritional needs and deficiency symptoms. 
India responsible for approximately 41% of world production almost 12 million tones per year (13) to increase awareness and demand India spearheaded the promotion of 2023 as the international year of millets (17). They take a short time to mature sometimes as quickly as 65 days and have benefits ranging from reducing cholesterol to possessing anti-aging anti-inflammatory and even anti-cancer characteristics. Though they are of benefit, the cultivation of millets in India has decreased, with smaller acreage and yeilds being reported up to the early 2000s (28). Nonetheless, developing nations in Africa and Asia were 97% of the world’s military being cultivated and consumed continue to depend on them (2). In India consumption of Millet continues to be strong in West Bengal Kerala and Tamil Nadu (29). Looking ahead, forecasts suggest surplus in bajra and small millets by 2029, but shortfalls in ragi and jowar, highlighting the need for careful planning to secure supply (17).
Protein energy malnutrition (PEM) remains a serious and persistent health concern in India. Despite decades of nutritional programmes, a substantial proportion of children continue to experience inadequate of both energy and protein, which is reflected in high levels of underweight, stunting and wasting. National and community-based studies consistently show that a large share of children under 5 are affected, with prevalence often exceeding one-third of the population of vulnerable settings (8). The burden of PEM is not uniform across the country; it is markedly higher in socio-economically disadvantages communities, urban slums and rural areas, where poverty, food insecurity, poor maternal nutrition and suoptimal child care practices are common (13)
  Methodology
Composition of Blends 
Product 1 Cupcake
We selected raw material for making cupcake, and labelled them T0 to T4. 45 grams of wheat flour was mixed with 30 ml milk, 5gram cream, 5 grams of ghee, and 15 grams of sugar in T0. T1 was mixed with 25 grams of wheat flour 10 grams of finger millet. Curry leaves powder (5gram), flaxseed powder (5 gram), cream (5 gram), milk (30 ml), sugar (15 gram) were added simultaneously in the standard quantities T1 to T4 were mixed with 20 gram wheat flour, 15 gram finger millet, 15 gram wheat flour, 20 gam finger millet, 10 gram wheat flour and 25 gram finger millet.
	Treatment Solution 
	WF
(g) 
	FM
(g)
	FSP 
(g)
	CLP
(g)
	M 
(ml)
	C 
(g)
	G 
(g)
	S
(g)

	T0
	45 
	-
	-
	-
	30
	5
	5
	15

	T1
	25
	10
	5
	5
	30
	5
	5
	15

	T2
	20
	15
	5
	5
	30
	5
	5
	15

	T3
	15
	20
	5
	5
	30
	5
	5
	15

	T4
	10
	25
	5
	5
	30
	5
	5
	15


Table 1 Different formulations of cupcakes 
WF: Wheat Flour;
FM: Finger millet;
FSP: Flaxseed powder: 
CLP: Curry leaves powder;
M: Milk;
C: Cream;
G: Ghee;
S: Sugar.
Preparation of cupcake

Put the microwave oven on pre-heat at 160^C-180^C for 15 minutes.


Measure the amount of all ingredients at standard and mix it well


  Put all the ingredients in such a way that no lumps are formed


Take the moulds and wash them properly and let them dry


Put some oil on moulds for greesing


Pour the batter into the moulds


Put all the moulds in pre-heated oven at 150^C for 25 to 30 minutes.


Keep the moulds to cool down when the time is up

Plate the cup-cakes to serve

Plate 1 Flow chart of formulation of cupcake
Product 2 Mathri
We selected raw material for making mathri, in the ratio of mathri dough, the ingredients for T0 to T4 wheat flour was in the ratio of (95, 60, 55, 50, and 45) grams, finger millet was in the ratio of (20, 25, 30, 35) grams. Flaxseeds powder (10) grams curry leaves powder (5) grams, and ghee (5) grams had the above ratio to make mathri
Table 2: Different formulations of Mathri
	Treatment Solution 
	WF
(g)
	FM
(g) 
	FSP
(g)
	CL P 
(g)
	G (g) 

	T0 
	95
	-
	-
	-
	5

	T1
	60
	20
	10
	5
	5

	T2
	55
	25
	10
	5
	5

	T3
	50
	30
	10
	5
	5

	T4
	45
	35
	10
	5
	5


WF: Wheat flour;
FM: Finger Millet;
FSP: Flaxseeds powder;
CLP: Curry leaves powder;
G: Ghee.



Measure and Standarize all the amount of ingredients 


Make the soft dough 


Shape the Mathari according to you style 


Heat the oil properly 


Put the matharis in the oil 


Keep stirring the Mathari on medium high to high flame so that the oil dosen't get inside too much 


Cook the Mathari until the required color has come


Put the Mathari on Napkin so that excess oil can be removed out 

Plate the Mathari to Serve 

Plate 2 Flow chart of formulation of mathri
Result and Discussion 
Organoleptic Evaluation of Ready-To-Eat Products







The organoleptic evaluation of the cupcake has T0 control and T1 wheat flour are more acceptable. The mean of colour, flavour and other properties was highest for T0 and T1. 
The organoleptic evaluation of mathri T1 is more acceptable. The mean of colour, taste, and appearance is highest in T1 and T4. 
Proximate analysis of ready-to-eat food products
	Treatment 
	Moisture 
	Ash 
	Fat 
	Protein 
	Crude fibre
	carbohydrate
	Potassium 
	Calcium 
	Iron 

	T0
	12.863± 0.009

	0.807±0.009
	16.513±0.012
	9.537±0.009
	0.62±0.006
	60.22±0.056
	69.617±0.463
	33.633±0.234
	0.973±0.003

	T1
	11.953±0.008
	1.84±0.006
	12.647±0.015
	13.727±0.015
	8.753±0.002
	59.833±0.012
	139.223±0.1
	80.18±0.458
	1.69±0.006

	T4
	11.76±
	2.683±0.009
	9.997±0.014
	16.873±0.014
	10.96±0.006
	58.81±0.037
	178.193±0.063
	87.197±0.03
	2.387±0.009

	CD (P≤0.05)
	0.031
	0.028
	0.105
	0.045
	0.044
	0.137
	0.971
	1.048
	0.023



Table: 3- Proximate and Spectrophotometry Analysis of Cupcake

Analysis of Cupcake
The cupcakes changed noticeably in their nutrition across treatments. They became slightly drier with less fat and fewer carbohydrates, but gained more protein, fibre, and minerals. Calcium and iron, in particular, increased a lot in T1 and T4 compared to T0. These shifts suggest that the later versions of cupcake were not only healthier but also more nutrient-rich, offering better protein, fibre, and mineral content than the control batch. The moisture content of multigrain muffins ranged from 21.10% to 26.33%. Treatment T1 held higher values up to 20 days, while T0 remained the lowest. In general, moisture was highest at the beginning and gradually increased with storage, a pattern was also observed by (15). Protein showed the opposite trend. Levels were highest on day 0 what decrease gradually during storage with T0 always being the lowest the reduction is likely due to breakdown of proteins which corroborates the report by (11) fat content between 8.87% to 12.88% and differ significantly (P≤0.01). The development of cupcakes by supplementing ragi with different proportions, such as 100:0, 70:30, 60:40, 50:50, and evaluated the quality by the organoleptic evaluation method, concluding that partial replacement of maida, i.e., 60:40 ratio, is proven acceptable, with overall acceptability of 7.5 enriching the product with calcium and iron (12). The overall results suggest that fortifying cupcakes with finger Millet and other ingredients can make them significantly richer in minerals like calcium and iron, while maintaining a good balance of carbohydrates, protein and fibre among the different recipes. C3 and C4 stood out as the most nutritionally enhanced options (14). Proso millet floor was combined with rice floor in different ratios. The higher the proportion of Millet, the more the cupcakes gain in protein, fibre, and minerals such as iron, zinc, calcium, and phosphorus. Even though the texture and moisture change slightly at higher levels of Millet, people still find them enjoyable to eat. (21).
Table: 4 Proximate and Spectrophotometry Analysis of Mathri
	Treatment 
	Moisture 
	Ash 
	Fat 
	Protein 
	Crude fibre
	Carbohydrate 
	Potassium 
	Calcium 
	Iron 

	T0
	6.183±0.012
	0.777±0.009
	10.72±0.005
	8.82±0.012
	0.87±0.87
	73.493±0.022
	48.12±0.012
	43.25±0.12
	1.787±0.003

	T1
	5.683±0.012
	1.903±0.015
	7.973±0.02
	14.807±0.024
	11.53±0.021
	69.633±0.039
	81.983±0.028
	78.637±0.018
	2.19±0.006

	T4
	5.387±0.009
	2.06±0.026
	6.353±0.012
	15.917±0.02
	12.033±0.12
	70.283±0,038
	102.943±0
	85.433±0.028
	3.15±0.006

	CD (P≤0.05)
	0.039
	0.064
	0.049
	0.068
	0.051
	0.121
	0.048
	0.071
	0.0018


Table 4 proximate analysis of mathri
Analysis of Mathri
The mathri samples showed clear nutritional improvements with the addition of finger millet. Moisture, fat, and carbohydrates decreased, while protein, fibre, and minerals increased noticeably. Protein nearly doubled from T0 to T4, and fibre increased more than tenfold. Potassium, calcium, and iron levels also improved.  The version made with 40% buckwheat flour was the most liked and proved healthier, being rich in protein, fibre, and calcium, while also offering a low-glycemic, low-gluten alternative (6).  Traditional mathri, a deep-fried savoury snack, has been explored as a suitable vehicle for nutritional enhancement through ingredient substitution. The millet-based mathri have shown that replacing refined wheat flour with millet such as finger millet or other millets significantly improves dietary fibre and mineral content while maintaining acceptable sensory properties (9) On the other hand, jamun seeds prove to be a good source of minerals and fiber their inclusion increase the as content which reflects mineral levels crude fibre in the products the boost in calcium and zinc levels was particularly encouraging showing that jamun seeds can help enrich snacks with essential micronutrients this is important because these minerals are often lacking in serial waste additional foods studies with other fortifying ingredients search as leafy powders and Pearl Millet shown similar enhancement (10).  The version made with 40% buckwheat flour was the most liked and proved healthier, being rich in protein, fibre, and calcium, while also offering a low-glycemic, low-gluten alternative (6)
Microbial analysis
The developed products were stored for 60 days, and microbial analysis was conducted to assess their safety and quality, with results shown in the following tables.
Cupcake
The microbial analysis of the control and the most acceptable treatment is represented in 
	Total Bacterial Count (cfu/g)

	Treatments 
	At 10 days 
cfu /g
	30 days
cfu/g
	60 days
cfu/g

	T0
	2.1×102
	3×102
	4.1×102

	T1
	1.1×102
	2×103
	3.5×103

	T4
	1.5×102
	2.1×103
	4×103


Table 5: bacterial count of cupcake
The shelf-life of cupcake represents, T0 has the shelf-life of 2.1×102 cfu/g at 10 days, 3×102 cfu/g at 30 days, and 4.1×102 cfu/g at 60 days. T1 has the shelf-life of 1.1×102 cfu/g at 10 days, 2×103 cfu/g at 30 days, and 3.5×103 cfu/g at 60 days. T4 has a shelf-life of 1.5×102 cfu/g at 10 days, 2.1×103 cfu/g at 30 days, and 4×103 at 60 days.  The author tested how well the 45 cupcakes held up during storage. They found that the chickpea and soy versions were fresh and acceptable for about four days. Packaging plays a role in how the flavour and colour are preserved (14). 
Mathri
	Total Bacterial Count (cfu/g)

	Treatments 
	At 10 days 
cfu /g
	30 days
cfu/g
	60 days
cfu/g

	T0
	2×102
	3.1×103
	4.3×103

	T1
	1×102
	3.6×103
	4.1×104

	T4
	1.1×102
	3.5×103
	4.4×104


Table 6: Bacterial count of Mathri
The shelf-life tests represent the minor change in the microbes in 60 days of the T0 group. T1 and T4 showed a slow rise in microbes over 60 days in both products, i.e., cupcake and mathri.The author tested how well the 45 cupcakes held up during storage. They found that the chickpea and soy versions were fresh and acceptable for about four days. Packaging plays a role in how the flavour and colour are preserved (14). Lipid breakdown during storage is one of the major factors affecting the shelf life of fried snacks. Normally, hydrolysis of triglyceride increases free fatty acids, leading to acidity and off flavours (1). In this study, the addition of jamun seed powder significantly reduced fat acidity and peroxide values in 45 samples, indicating liquid stability. These Jamun seeds provide antioxidant compounds that slow down liquid oxidation, thereby improving freshness and extending shelf life. incorporation of jamun seeds extended the shelf life of biscuits while it was observed a similar effect in pasta and noodles maintaining product quality up to 90 days call me late on its own is prone to rancidity and bitterness due to high polyunsaturated fatty acids and anti-nutritional factors however in incorporation of jamun seeds appears to counteract some of these issues, improving both stability and consumer acceptability over time (23, 24). Earlier it was stated that the for incorporation of jamun seeds extended the shelf life of biscuits while it was observed a similar effect in pasta and noodles maintaining product quality up to 90 days call me late on its own is prone to rancidity and bitterness due to high polyunsaturated fatty acids and anti-nutritional factors however in incorporation of jamun seeds appears to counteract some of these issues, improving both stability and consumer acceptability over time.(23, 24)
Conclusion 
This study incorporated ragi, flaxseeds, and curry leaf powders into cupcakes and mathri to enhance their nutritional value and taste. Cupcakes with the T0 and T1 blends were most liked and rich in protein, fibre, and minerals. For mathri, T1 and T4 stood out, offering better nutrition along with good flavour. So, this concluded that ragi-based with supplementation of flaxseeds powder, and curry leaves powder ready-to-eat food products are very nutritious to health with flavour. It has great potential in preventing and managing PEM and micronutrient deficiencies among children and other vulnerable groups, including women and the elderly.
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