



FORMULATION AND STANDARDIZATION OF MILLET SPINACH MUTHIYA

Abstract 

Millet Spinach Muthiya is a rich source of nutrients, such as rich in protein, fiber, and iron. Millets are primary ingredients known for their high nutritional value, gluten-free nature & low glycemic index. The pearl millet is used in the proportion of 40%, a rich source of protein and fiber. Another finger millet is used in proportion of 20%, which is a good source of iron, calcium, zinc, and protein. Spinach leaves are added to impart a distinct, slightly sweet flavor and improve the product's nutritional value by the nutrients present in it, such as vitamins, minerals, fibers, and flavonoids, and contain numerous health benefits. Green chili, garlic, lemon, carom seeds, cumin seed, fennel seeds, black pepper, red chili powder, turmeric powder, salt, these ingredients are used for the preparation of the product, with different treatments being conducted. The two different comparisons of the same product were done, i.e., Sample A (Steamed Millet Spinach Muthiya) and Sample B (Fried Millet Spinach Muthiya). The 9 trials of the product were conducted, from which the 9th trial (Sample A) and (Sample B) were finalized by the panellist for further analysis. The comparison study states that Sample A was more nutritious than Sample B. The results suggest that the difficulties in millet processing present a challenge, but nutritional as well as health benefits, and consumer demand for healthy food products provide opportunities in processing, development of suitable technology for newer products, and process mechanization.
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1. Introduction:
Millet is a rich source of healthy food products with many health benefits. Millets are the primary ingredients, known for their high nutritional value, gluten-free nature, and low glycemic index. Spinach leaves (Spinacia oleracea) are added to infuse the product with their distinct, slightly bitter flavor and numerous health benefits. green chili, garlic, lemon, ajwain, cumin seed, fennel seed, coriander seed, sesame seed, black pepper, red chili powder, turmeric powder, Salt. The product was prepared by mixing the ingredients with different proportions, and different treatments were conducted. Millets were first grown in Asia about 4,000 years ago and are one of the most widely consumed grains today. For thousands of years, millet's nutritional benefits have been appreciated by people. Millets have always been an important part of the Bhartiya cultural festival and have an important place in religion. Millets are nutritionally rich and occupy an important place in the diet of people in many regions of the world. Millets provide health benefits in the daily diet and help in the management of disorders like Diabetes mellitus, obesity, and hyperlipidemia. Millets provide a unique advantage for health, being rich in micronutrients, particularly minerals and B vitamins, as well as nutraceuticals (Patra et al., 2023).
FAO reported that traditional food processing (such as decortications, milling, germination, fermentation, malting, roasting, etc.) is commonly used for the preparation of food products of millets to improve their edible, nutritional, and sensory properties. Millets can be a source of value-added healthy food products with different varieties for traditional and non-traditional millet users. RTC foods have emerged as an excellent alternative to a complete home-cooked meal or may be an addition to the daily diet. Its consumption trends are increasing due to an increase in the working women population. Millets are in trend and sought after as they add a nutritious addition to these mixes. As per the consumer liking for various RTC forms of millets, powder mixes of idli and dosa were highly consumed, followed by powder forms (roti-mix), millet rava, upma mix, porridge, noodles, vermicelli, and millet muesli. (Patra et al., 2023).

Muthiya or muthia is a fist-shaped dumpling, which is a traditional street food, snack, or a side dish from Gujarat state in Western India. The term muthiya has been derived from the word “muthi'' which means fist – the ‘gripping action’ of our hands, which is also how this snack is made. Muthiya is a savory item consumed as a snack or as one of the items of a meal. In Gujarat, Muthiya is known as Velaniya or Vaataa, etc. Muthiya is known as 'vaataa' in the Charotar area located in Central Gujarat. The main ingredients used in the preparation of the muthiya recipe include gram flour, chilli, turmeric powder, oil, sugar, and other seasonings. Additional Flavors may include spinach leaves (Spinacia oleracea), other flours like whole wheat flour (atta), pearl millet flour (bajra atta), or sorghum flour (jowar atta). Millet spinach Muthiya is a novel and healthy twist on the traditional Indian snack. Millets are the primary ingredients, known for their high nutritional value, gluten-free nature, and low glycaemic index. Spinach leaves (Spinacia oleracea) are added to infuse the product with their distinct, slightly bitter flavor and numerous health benefits. (Assudani et al., 2013). 

The present study investigated the impact of attributes of millet-based fast-food items on creating a memorable food experience for students and the acceptability of students towards millet-based fast-food items. The data for the study were collected from 110 students who attended the EAT RIGHT MILLET fest, jointly organized by Food Safety and Standards Authority of India (FSSAI) and the Department of Hotel Management, Maharishi Markandeshwar Deemed to be University, Mullana, India, on 18th March 2023, and consumed millet-based fast-food items from different stalls. The results of the study proved that attributes of millet-based fast-food items had a significant impact on creating memorable food experiences for students. Furthermore, a significant relationship was found between these attributes and the acceptability of students towards millet-based fast-food items, postulating that millet-based fast-food items were acceptable to the students. (Bakshi et.al., 2023) With the prevalence of food insecurity globally, there is a growing need to effectively utilize the available crops to develop nutritious, affordable, and palatable food for the populace. For this purpose, food is often subjected to processing. Processing is essential as it enhances the nutritional bioavailability, organoleptic properties, and reduces the anti-nutritional factors.                                                                                                   

 Among millets, bajra (Pennisetum glaucum), also known as Pearl millet, is the predominant crop of India, which is a staple food of rural people of dry land regions of India. In India, pearl millet is the 4th most important staple food crop after rice, wheat, and sorghum (Assudani et al., 2013).
Bajra (Pennisetum glaucum) is comparable and even superior in some of the nutritional characteristics to major cereals concerning its energy value, protein, fat, and minerals. Several studies reported the possibility of utilizing bajra flour for making diversified food products for human consumption. Although its color deteriorates the appearance and color of the developed products due to the presence of complex carbohydrates and a lower glycemic response, bajra is also gaining popularity amongst health-conscious consumers. (Patra et al., 2023)
Native to Ethiopia, finger millet (Eleusine coracana L.), also referred to as ragi, is an African grain. However, some sources suggest that China or India may be this species' secondary center of origin. Because of its great adaptability, it was brought to India during the Second Millennium BC through maritime trade from Africa. From there, it quickly expanded throughout the nation. (Patra et al., 2023). Their significance in food security is increased by their exceptional resistance to protracted periods of drought and moisture scarcity. It is a member of the orphan crop group, which was previously grown extensively due to its high energy value, and is now only grown in a few select geographic areas. Millets are drought-tolerant, low-water-use crops. Malting of finger millet improves its digestibility, sensory quality, and nutritional quality. (Anuradha et al., 2010).                                                                                                       

Rice is the staple food of most people in Indonesia. In addition to rice, Indonesia is also rich in non-rice local food sources that can be used as an alternative to staple foods to obtain a variety of nutritional sources. The result of food diversification in the form of analog rice can be designed to have higher nutritional values than rice. One of the local non-rice food sources is taro flour. (Anwar et al., 2023). Bengal gram is India's most important pulse crop, and India is its leading producer. The two best-known types of chickpeas are kabuli. The kabuli type is characterized by light colored seeds with a thin husk, while desi seeds are often dark yellow-brown, with thicker husks and a rough surface. Chickpea splits are formed by subjecting the desi chickpea to the removal of the seed coat and then splitting the cotyledon into two halves. It is commonly known as ‘chana dal’ in India. The major portion of chickpea consumption is in the form of ‘dhal’ or ‘split’. Consumption of chickpea is associated with several health benefits like anti-diabetic, anti-inflammatory, hypocholesterolemia, and prevention of cardiovascular diseases. chickpea splits are formed by subjecting the desi chickpea to the removal of the seed coat and then splitting the cotyledon into two halves. It is commonly known as chana dhal in India. The major portion of chickpea consumption is in the form of dhal or split (Mangaraj et al., 2005) 
Spinach (Spinacia oleracea) has been widely grown throughout Pakistan. There are so many seasonal vegetables produced from them. Spinach is one of the most important and nutritious vegetable, eaten raw or cooked. It provides vitamins B6, riboflavin, folate, niacin, soluble dietary fiber, omega-3 3-fattyacid and minerals. Spinach is also rich in iron; its use prevents some diseases like osteoporosis, anemia results of iron deficiency (Miano et al., 2016). Steam blanching of spinach leaves at 95°C for 5 minutes produces flour with a high content of iron and a low content in phytates and other anti-nutrients. This flour, treated under these conditions, improves the bioavailability of iron in spinach leaves. The low water absorption capacity and high bulk density, associated with the high iron and low anti-nutrient content, suggest that flour produced with spinach leaves blanched in optimal conditions. (Assudani et al., 2013). 

2. Materials and Methods:     
2.1 Ingredients                                                                                                 
The material used in formulating the product was bajra flour, rice flour, Bengal gram flour, green chilli, spinach, carom seeds, cumin, red chilli, turmeric, garlic, salt , sugar, lemon
2.2 Formulation
2.2.1 For formulation of millet spinach muthiya (steamed) sample A:
High-quality raw materials, including bajra flour, ragi flour, rice flour, sugar powder, spinach puree, spices, and lemon juice, were selected and thoroughly assessed to ensure they met the required standards. The dry ingredients (bajra flour, ragi flour, rice flour, and sugar powder) were combined in a bowl and mixed uniformly to create a homogeneous blend. Spinach puree was added to the dry ingredient mixture and mixed thoroughly to achieve a uniform distribution of the puree. The required spices and lemon juice were added to the mixture and blended well to ensure even distribution. The dough was formed by combining the mixture into a cohesive mass, which was then shaped into cylindrical muthiya shapes, approximately 4-5 inches in length. The shaped dough was placed on a greased tray to prevent sticking and steamed in a steamer at 100°C for 10-15 minutes to cook the dough thoroughly. After steaming, the muthiya was allowed to cool to room temperature. The cooled muthiya rolls were then sliced into 1 cm thick pieces using a sharp knife or cutting tool.
2.2.2 For formulation of millet spinach muthiya (Fried) sample B:
High-quality raw materials, including bajra flour, ragi flour, rice flour, sugar powder, spinach, spices, and lemon juice, were procured and thoroughly assessed to ensure they met the required standards for texture, flavor, and nutritional value. The dry ingredients (bajra flour, ragi flour, rice flour, and sugar powder) were combined in a bowl and mixed uniformly using a mechanical mixer or whisk to create a homogeneous blend. Blanched spinach puree was added to the dry ingredient mixture and mixed thoroughly using a spatula or mechanical mixer to achieve a uniform distribution of the puree. The required spices and lemon juice were added to the mixture and blended well to ensure even distribution of flavor and aroma. A dough was formed by combining the mixture into a cohesive mass using a mechanical mixer or kneading process, which was then shaped into cylindrical muthiya shapes, approximately 4-5 inches in length. The shaped dough was placed on a greased tray to prevent sticking and facilitate easy removal. The muthiya was steamed in a steamer at 100°C for 10-15 minutes to cook the dough thoroughly and achieve a soft, pliable texture. After steaming, the muthiya was allowed to cool to room temperature to prevent moisture accumulation and facilitate further processing. The cooled muthiya rolls were sliced into 1 cm thick pieces using a sharp knife or cutting tool to achieve uniform size and texture. Oil was heated in a frying pan to a temperature range of 180°C to 190°C, and the steamed muthiya pieces were deep-fried in the hot oil until crispy and golden brown. The Millet Spinach Fried Muthiyas were prepared and ready for consumption. The fried muthiya was stored in airtight containers to maintain crispiness and freshness, and the containers were kept in a cool, dry place to prevent moisture absorption and spoilage.
2.3 Treatment Details:
Table 1. Composition of Millet Spinach Muthiya
	Ingredients
	T 1
	T 2
	T 3
	T 4
	T 5
	T 6
	T 7
	T 8
	T 9

	Bajra flour
	30%
	20%
	25%
	20%
	20%
	15%
	20%
	20%
	25%

	Ragi Flour 
	-
	10%
	15 %
	20%
	15%
	15%
	10%
	15%
	7.5 %

	Rice Flour
	-
	-
	-
	-
	-
	10%
	12%
	5 %
	5 %

	Bengal Gram
	10%
	5 %
	10%
	10%
	15%
	10%
	8 %
	8 %
	10 %

	Spinach
	10%
	15 %
	10 %
	10%
	8%
	15%
	10%
	10%
	10 %

	Green Chilli
	4%
	3 %
	2.5%
	2.5%
	3%
	4%
	3.5%
	2.5%
	2 %

	Red Chilli
	3%
	2%
	2%
	2%
	2.5%
	2.5%
	2.5%
	2.5%
	2 %

	Carom Seeds
	1%
	1.5%
	1%
	1%
	1%
	1%
	1%
	1%
	0.5 %

	Cumin
	0.5 %
	1%
	0.5%
	0.8%
	0.5%
	0.4%
	0.5%
	0.5%
	0.5%

	Turmeric
	1.5%
	1.2%
	1%
	1%
	1%
	1%
	1%
	0.8%
	0.5 %

	Garlic
	4 %
	4%
	4%
	4%
	4%
	2.5%
	3.2%
	1.5%
	2 %

	Fennel Seeds
	2%
	3 %
	2%
	2%
	2%
	2%
	2%
	1.5%
	1.5%

	Sugar
	4%
	3%
	2%
	3%
	3%
	1.5%
	2%
	2 %
	1.5%

	Salt
	2%
	2.5%
	2.5%
	3%
	2.5%
	3%
	2.5%
	2.5%
	2 %

	Lemon
	3 %
	5%
	5%
	4 %
	3.5%
	2%
	3%
	2.5%
	2%

	Oil 
	25 %
	23.8 %
	27.5%
	17.7%
	19 %
	15.1 %
	21.8 %
	24.7%
	28%


    We conducted nine trials for both sample A and sample B total of nine trials were performed to ensure consistency, both samples underwent identical testing procedure. This approach ensured reliable and comparable results.                                                                                                                                                                    
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2.4 Proximate Analysis:
The estimation of food samples ash content, moisture content, fat content, fiber content, protein content is a part of proximate analysis.

The procedure is described below:
2.4.1 Moisture content:
The moisture content of the 5 g sample was determined by weighing it after it was pulverized and dried in an oven at 105°C for 4 hours. After chilling in desiccators to uniform weight, it was weighed again. Moisture content was used to determine the weight reduction as a consequence. (Manual – FSSAI)
2.4.2 Fat content:
Five grams of crushed product were weighed carefully in a thimble and defatted with petroleum ether in a Soxhlet device for 6-8 hours at 60°C. The ether extract was then evaporated, and the lipid content was determined. (Manual – FSSAI)

2.4.3 Crude Fibre Content:
First, 200 ml of boiling 0.255 N H2SO4 was used to digest around 2 to 5 g of moisture and fat-free sample. The mixture was boiled for 30 minutes, with water added at regular intervals to maintain the volume constant. The mixture was filtered through a filter paper at the end of this time, and the residue was rinsed with hot water until it was acid-free. The sample was then transferred to the same beaker, which was then filled with 200 ml of boiling 0.313 N NaOH solution. The mixture was filtered using filter paper after 30 minutes of boiling. The residue was rinsed in hot water until it was alkali-free. It was then weighed after being transferred to a crucible and dried overnight at 80oC. The crucible was heated for 4 hours at 550℃ in a muffle furnace, then cooled and weighed again. The weight of the crude fibre was indicated by the difference in the weights. (Manual – FSSAI)
2.4.4 Ash Content:
A 5-gram product was weighed into a silica crucible, burned and cooled over a small flash until all of the solid was fully burned. Following cooling in the desiccator, the sample was placed in a muffle furnace at 550°C for 4 hours. It was weighed again after cooling in the muffle furnace, and the cycle was repeated until two successive measurements were the same. Knowing the difference between the starting and final weights was used to determine the percent ash. (Manual – FSSAI)
2.4.5 Protein content:
Protein content was measured using the Micro-kjeldhal technique, which involved digesting 200 mg of material in concentrated sulphuric acid with 1 g of catalyst combination for 2-3 hours at 100°C. It was then distilled with 40% NaOH, and the released ammonia was caught in 4% boric acid before being titrated against 0.01N H2SO4 using a mixed indicator method (Methyl red: Bromocrysol green 1:5) The proportion of nitrogen was then determined using a method, and the percent protein in the sample was approximated using a factor of 6.25. (Manual – FSSAI)
2.4.6 Carbohydrate content: 









The carbohydrate content was determined using the difference technique, as shown below-       
 Formula: % Carbohydrate = 100% - (moisture+ fat+ protein+ ash+ crude fibre). (Kumar et al. 2023)
2.5 Functional Properties:

2.5.1 Water Absorption Capacity:
One gram of the sample was distributed in ten millilitres of distilled water and put in preweighed centrifuge tubes. The dispersions were adequately mixed for 30 minutes before centrifugation at 3000 rpm. The supernatant was collected and decanted. in triplicate, the average value was recorded.

2.5.2 Oil Absorption Capacity:
A 0.5g sample was combined with 10ml distilled water and placed in pre-weighted centrifuge tubes. The dispersion was carefully mixed for 1 hour before centrifugation at 3000 rpm for 25 minutes. A pipette was used to extract the separated oil. In triplicates, the average value was recorded.                         
2.6 Sensory Assessment : 

Sensory assessment is a scientific approach for evoking, measuring, analyzing, and interpreting product reactions as experienced via the senses of sight, smell, touch, taste, and hearing. On a 9-point hedonic scale, 10 semi-trained panel members comprised of academic staff members of the Y.C.I.S Department of Food Technology, Satara evaluated beetroot apple jelly developed with beetroot, apple, sugar, pectin and citric acid for sensory characteristics like appearance, color, taste, flavour, texture, and overall Products were rated with associated descriptive words ranging from score 9 (Like extremely) to score 1 (Dislike extremely).

Table 2: 9-Point Hedonic Scale
	Sr. No.
	Remarks
	Score

	1
	Like extremely
	9

	2
	Like very much
	8

	3
	Like moderately
	7

	4
	Like slightly
	6

	5
	Neither like nor dislike
	5

	6
	Dislike slightly
	4

	7
	Dislike moderately
	3

	8
	Dislike very much
	2

	9
	Dislike extremely
	1


3.  Result :



Two distinct samples, A and B, were prepared for analysis. Sample A consisted of steamed muthiya, while Sample B comprised fried muthiya.



A comprehensive proximate analysis was conducted on two samples (Sample A and Sample B) of Millet Spinach Muthiya to determine their physicochemical properties. The analysis, performed in a controlled laboratory setting, quantified the following parameters: Moisture content, Fat content, Ash content, Protein content, Fiber content, and Carbohydrate content. The results of the analysis are presented in a tabulated format, providing a clear comparison of the nutritional composition of both samples. The tests were executed with meticulous handling and care to ensure the accuracy and reliability of the results.

	Sr. No
	Test Done
	Sample A
	Sample B
	Test Method

	1
	Moisture
	35.7 %
	9.22 %
	Manuals- FSSAI

	2
	Fat
	6.17 %
	20.36 %
	Manuals- FSSAI

	3
	Protein
	16.23 %
	13.24 %
	Manuals- FSSAI

	4
	Fibre
	24.75 %
	7.67%
	Manuals- FSSAI

	5
	Ash
	0.49 %
	3.85  %
	Manuals- FSSAI

	6
	Carbohydrates
	16.66%
	46.33%
	SOP/C/D/16

	7
	Energy
	236.59kcal
	436.86kcal
	Atwater (USDA)


	1
	Water absorption capacity (Sample A and B)
	55.41 %

	2
	Oil absorption/consumption capacity (Sample B)
	43.75%


 
	Sample
	Appearance
	Colour
	Odour
	Flavour
	Taste
	Texture
	Overall

Acceptability

	T 1
	6.5
	5.8
	6.5
	6.8
	6.2
	5.7
	6.2

	T 2
	6.9
	6.7
	7.2
	6.6
	6.3
	6.7
	7.8

	T 3
	8.7
	7.5
	8.2
	7.8
	6.8
	7.7
	7.5

	T 4
	7.8
	7.7
	7.4
	8.3
	8.4
	7.4
	7.9

	T 5
	7.2
	7.5
	6.4
	6.6
	7.2
	5.2
	6.7

	T 6
	7.4
	7.8
	8.2
	8.1
	7.4
	7.6
	7.2

	T 7
	7.6
	7.7
	8.7
	7.4
	7.6
	6.3
	7.4

	T 8
	7.4
	7.4
	7.4
	7.1
	7.4
	6.2
	7.8

	T 9
	8.2
	8.2
	8.8
	7.8
	8.5
	6.5
	7.9


    





	Sample
	Appearance
	Colour
	Odour
	Flavour
	Taste
	Texture
	Overall

Acceptability

	T 1
	6.5
	5.8
	6.2
	6.8
	6.2
	6.1
	6.2

	T 2
	7.5
	6.7
	7.4
	6.6
	6.3
	6.7
	7.4

	T 3
	8.1
	7.5
	8.2
	7.8
	8.9
	7.7
	7.5

	T 4
	7.8
	7.7
	7.4
	8.3
	8.4
	7.4
	7.9

	T 5
	7.8
	7.8
	6.4
	6.6
	7.2
	5.2
	6.7

	T 6
	7.4
	7.1
	8.3
	8.8
	7.4
	7.5
	7.2

	T 7
	7.6
	7.7
	8.2
	7.4
	7.6
	7.3
	7.4

	T 8
	7.4
	7.4
	7.4
	7.1
	7.4
	7.3
	7.8

	T 9
	8.2
	8.2
	8.8
	9.2
	8.5
	8.8
	8.9



Discussion 

The proximate composition of millet-spinach muthiya showed significant changes between the steamed (Sample A) and fried (Sample B) products. Sample A had higher moisture (35.7%), protein (16.23%), and fiber (24.75%) contents, indicating a moist, steamed matrix and nutrient preservation, whereas Sample B, which was fried, had significantly higher fat (20.36%) and carbohydrate (46.33%) levels, resulting in a higher caloric density (436.86 kcal vs. 236.59 kcal). Kumari et al. (2020) discovered similar patterns, discovering that steaming maintained more protein and fiber in millet-based snacks while frying enhanced fat absorption and calorie content. Water absorption capacity of 55.41% and oil absorption of 43.75% verified the fried variant's higher oil uptake. Sensory evaluation revealed that both samples were generally acceptable, with trials T3, T4, and T9 scoring the highest overall acceptability (7.5-7.9) in steamed samples, while fried samples scored slightly higher overall, peaking at 8.9 for T9, most likely due to the enhanced flavor and texture imparted by frying. These findings are similar with Devi and Khedkar's (2021) findings, which found that frying increased the taste and crispiness of millet-based items but reducing nutritional quality when compared to steaming. Thus, while fried muthiya scored higher in sensory qualities, steaming muthiya had a more balanced nutritional profile, making it a healthier option with high acceptance.

4. Conclusion:

It was concluded from the present investigation that the use of millets and spinach improved the nutritional qualities of Millet Spinach Muthiya. Also, we concluded that the Steam Muthiya Sample A and the Fried Muthiya Sample B were prepared with 9 trials. based on sensory evaluation it has proved that Sample B (Fried Millet Spinach Muthiya) got more points than Sample A (Steamed Millet Spinach Muthiya ) in 9 point hedonic scale but during proximate analysis observed that, the nutritional value in Sample A (Steamed Millet Spinach Muthiya) is rich in protein, fiber and iron than the Sample B. From that it was noticed that there is loss of nutrients in Sample B (Fried Millet Spinach Muthiya) during frying. 
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