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	Millets are high in nutrition and dietary fibre. They serve as good source of protein, micronutrients and phytochemicals. The millets contain 7-12% protein, 2-5% fat, 65-75% carbohydrates and 15-20% dietary fibre. There has been an increased demand by health professionals and consumers for healthier food products. However, food companies have met this challenge with relatively limited success because consumers often view healthy food choices to be in direct conflict with enjoyable eating cakes are the most popular bakery products worldwide especially among children, they love to eat cakes, cupcakes and biscuits. A proper combination of the ingredients can give a high quality product with desirable flavour and texture. This study seeks to produce millet based cup cake. The preparation of millet based cupcakes involve the careful selection and combination of ingredients to achieve desirable nutritional and sensory properties. In addition to millet flours, wheat flour was incorporated to provide structure and improve the texture of the cupcakes. Cocoa powder was added to enhance flavour and colour, while sugar contributed sweetness and tenderness to the product. Baking powder was used as a leavening agent to ensure proper rise and softness. Milk served as the liquid medium, improving moisture content and contributing to a smooth batter consistency. After preparation of cupcakes measured physical properties and sensory analysis of developed product. The weight of cakes varied from 218 to 285 g. The volume of cakes varied from 522 to 450 ml.  The bulk density of cakes varied from 0.418 to 0.629 (gm/ml). The assessment showed that sample I and J was the most preferred. The cost of production of cake incorporated with refined wheat flour and millet mixtures was approximately Rs.45.43/100 g. 
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Introduction 
	Globally, millets are cultivated in 93 countries and only 7 countries have more than 1 M ha acreage of millets. In general, more than 97% of millets production and consumption is by developing nations. The country grows close to a dozen varieties of millets and widely consumed among them include pearl millet, foxtail millet, sorghum, fing Millets (Nutri Cereals) Ragi, Korra, Andu Korralu, Variga, Ooda Sama. Andhra pradesh stood in the first place in the country in millet productivity in 2022, as per NABARD annual report 2022-23. The Economic survey 2023 highlighted that India produces over 50.9 million tonnes of millet, which accounts for 80 percent of Asia’s and 20 percent of global production [17]. 
	Millets are classified into major millets and minor millets. Major millets include pearl millet, sorghum millet and Minor millets include finger millet, little millet, Foxtail millet, Proso millet, Kodo millet, barnyard millet, fonio millet, teff millet, browntop millet. In recent years, there has been an increased demand by health professionals and consumers for healthier food products. However, food companies have met this challenge with relatively limited success because consumers often view healthy food choices to be in direct conflict with enjoyable eating [1]. Bakery products like bread, biscuits and cakes form the major baked foods of the total bakery industry production in the country. 
[bookmark: _Hlk212664168]	Wheat flour is one of the important cereal grain because of its use for the preparation of many baked products. Bakery products are mostly prepared from refined wheat flour with 60-75% extraction rate, which has still lower nutritive value. However, such products can easily be enriched and fortified at lower cost with proteins, fibre, various vitamins and minerals to meet the specific need of the target groups and vulnerable sections of the population who are undernourished and malnourished [2]. Wheat flour is a basic ingredient in chapatti, bread and the bakery products such as cakes, cookies, crackers, doughnuts, sweet rolls, biscuits, bakery products due to presence of gluten and its inherited property to form dough [3]. Cakes are the most popular bakery products worldwide especially among children, they love to eat cakes, cupcakes and biscuits [8]. Cake is a complex of fat and water emulsion system containing flour, fat, sugar, baking powder and baking soda. A proper combination of the ingredients can give a high quality product with desirable flavour and texture. This study seeks to produce millet based cup cake. The incorporation of pearl millet in cake may improve its nutritive value, lower the cost and help in enchancing the utilization of pearl millet [16].
2. MATERIALS AND METHODS
2.1 Cake Preparation 
	The preparation of millet based cupcakes involves the careful selection and combination of ingredients to achieve desirable nutritional and sensory properties. In addition to millet flours, wheat flour was incorporated to provide structure and improve the texture of the cupcakes. Cocoa powder was added to enhance flavour and colour, while sugar contributed sweetness and tenderness to the product. Baking powder was used as a leavening agent to ensure proper rise and softness [8].  Milk served as the liquid medium, improving moisture content and contributing to a smooth batter consistency. A pinch of salt was included to balance flavours and intensify sweetness. Each ingredient plays a crucial role in determining the overall quality, taste, and consumer acceptability of the final product. The table 1and table 2 indicated essential ingredients used in the preparation of millet cupcakes[18].
Table.1 Essential ingredients used in the preparation of millet cupcakes
	Ingredient
	Quantity

	Sorghum Millet Flour
	25 g

	Finger Millet Flour
	25 g

	Pearl Millet Flour
	25 g

	Wheat Flour
	50 g

	Sugar
	60 g

	Cocoa Powder
	20 g

	Salt
	1 pinch

	Milk
	50 g

	Baking Powder
	2 spoons

	Vanilla essence
	2-3 drops

	Oil
	30 ml

	Baking soda 
	5 g















	 During preparation of the cake, firstly dry ingredients were mixed thoroughly i.e., refined flour, pearl millet flour, sugar, baking soda, baking powder, fat etc. The batter was thoroughly mixed by adding required amount of all ingredients. After mixing, the batter was filled in moulds containing pan. The cake pan was placed in baking tray smeared with fat and baked at 1600C for 30 min in baking oven [8]. The cakes were allowed to cool, packed in polythene pouches (120 gauge) and then stored for a period of 20 days under refrigerated conditions. The stored product was analysed for physical changes and sensory characteristics at a regular interval of 7 days. Fig.1 Indicates process flow chart for cupcake preparation and Table.2 indicates samples codes and different millet mixture combinations.
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Fig.1 Process flow chart for cupcake preparation
2.2 Proximate Values of Millet Based Cake
	The proximate values of the developed millet-based cake were compared to those of conventional wheat-based cake to evaluate improvements in nutritional properties. The analysis aimed to determine the potential of millet incorporation in baked products to increase nutrient density, improve digestibility, and offer healthier alternatives to refined flour-based products [8].



Table.2 Sample codes and different millet mixture combination
	S.No 
	Sample Code
	Name of the sample/ Composition

	
	
	Wheat (gm)
	Millet’s mixture (gm)

	1
	A
	100
	-

	2
	B
	100
	-

	3
	C
	-
	Sorghum 100

	4
	D
	-
	Pearl Millet 100

	5
	E
	-
	100

	6
	F
	70
	30

	7
	G
	60
	40

	8
	H
	50
	50

	9
	I
	40
	60

	10
	J
	30
	70



2.3 Physical Characteristics of Cake
	The data observed for nutrient composition of refined millet flour showed that the moisture content, weight, volume and bulk density was measured. Prepared millet cupcakes indicated in Fig.2.
[image: ]
Fig.2 Cake blended with different millet compositions
[bookmark: _Hlk212543158]2.4 Sensory Analysis of Cupcakes:
Sensory evaluation cupcakes were evaluated for sensory qualities using a 10 member trained panel. Sensory evaluations of the products were carried out by 20 panel lists. Ten cupcakes were prepared from each millet and was supplied to each panel list in plates. The samples were coded presented with coded samples (Table 1). Ten test samples were supplied at a time. Panel lists were provided with drinking water to rinse their mouth between samples.  Each panel evaluated ten samples for visual puffiness, appearance/colour, smell/aroma, taste, overall texture/mouthfeel, moistness, and overall liking on a 9-point hedonic scale (1=dislike extremely, 5=neither like nor dislike, 9=like extremely). Their assessments were then recorded on a Sensory Analysis Forms. Setup for the sensory analysis is as shown table 3.
Table.3 Sensory analysis in hedonic scale 
	Attributes
	Appearance
	Flavour/ Taste
	Aroma
	Texture
	Overall Acceptability

	9 - Like Extremely
	
	
	
	
	

	8 - Like Very much
	
	
	
	
	

	7 - Like
	
	
	
	
	

	6 - Like Slightly
	
	
	
	
	

	5 - Neither Like nor Dislike
	
	
	
	
	

	4 - Dislike Slightly
	
	
	
	
	

	3 - Dislike Moderately
	
	
	
	
	

	2 - Dislike
	
	
	
	
	

	1 - Dislike Extremely
	
	
	
	
	


2.5 Economics of the Product 
	The cost of production of product was determined by taking into consideration the cost of raw materials, chemicals, packaging materials etc. used in the preparation of the product.
3. RESULTS AND DISCUSSION
3.1 Physical characteristics of cake 
3.1.1 Weight: The weight of cakes varied from 218 to 285 g. The control cake was the lightest (218 g) among all types of cakes. The cake prepared with pearl millet flour upto 50 per cent has maximum weight (100 g). The physical properties of cupcakes details mean values shown in Table.4.
Table. 4 Physical properties of cupcakes mean values 
	Sample
	Moisture content (%)
	Weight (g)
	Volume (ml)
	Bulk density (gm/ml)

	A
	22.95
	218
	522
	0.418

	B
	22.86
	220
	516
	0.426

	C
	22.9
	285
	510
	0.559

	D
	22.86
	281
	455
	0.618

	E
	22.82
	280
	462
	0.606

	F
	22.8
	283
	450
	0.629

	G
	22.92
	243
	500
	0.486

	H
	22.9
	255
	492
	0.518

	I
	22.87
	268
	470
	0.570

	J
	22.79
	280
	463
	0.605



3.1.2 Volume: The volume of cakes varied from 522 to 450 ml. The control cake exhibited the maximum volume (522 ml), while the increasing amount of pearl millet flour in blend gradually showed decrease in the volume of cake. The significant decrease was observed in volume of cake with increase of pearl millet flour. The graphical representation of physical properties of cupcakes shown in Fig.3.
3.1.3 Bulk density: The bulk density of cakes varied from 0.418 to 0.629 (gm/ml). The control cake exhibited the maximum volume (0.629 gm/ml), while the increasing amount of pearl millet flour in blend gradually showed decrease in the bulk density of cake. The significant decrease was observed in volume of cake with increase of pearl millet flour. The graphical representation of physical properties of cupcakes shown in Fig.3.

Fig.3 Physical properties of different millet compositions


3.2 Sensory Analysis of cupcakes 
	The millet based cupcakes sensory evaluation of the ten (10) samples for Appearance, Flavour/ Taste,  Aroma, Texture, Overall Acceptability, and overall liking on a 9 point hedonic scale (1=dislike extremely, 5=neither like nor dislike, 9=like extremely) is shown in Table 3 which illustrates the mean assessment values and standard deviations. Sensory assessments of the products on the 9 point hedonic scale (Table 3) show that all products scores were more than 6 on the scale which is an indication that all sensory attributes were at least liked slightly in each case by the panel.
Table. 5 Sensory analysis of millet cupcakes
	Sample codes
	Sensory analysis parameters 
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	Appearance
	Flavour/ Taste
	Aroma
	Texture
	[bookmark: _Hlk212653833]Overall Acceptability

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	A
	7.45
	1.0
	6.50
	1.79
	7.73
	0.96
	7.75
	1.04
	8.00
	1.75

	B
	7.68
	0.90
	6.60
	1.63
	7.56
	0.80
	7.05
	1.26
	7.89
	1.78

	C
	7.54
	0.97
	6.70
	1.56
	7.88
	0.89
	7.09
	1.03
	7.56
	1.79

	D
	8.00
	0.81
	6.89
	1.88
	7.90
	0.92
	7.21
	1.05
	7.42
	1.21

	E
	8.20
	0.70
	7.0
	1.40
	7.45
	0.94
	7.23
	1.10
	7.41
	7.89

	F
	7.90
	0.82
	6.85
	1.20
	7.22
	0.97
	7.28
	1.19
	7.63
	7.54

	G
	7.25
	0.79
	6.80
	1.55
	7.68
	0.93
	7.08
	1.15
	7.60
	7.24

	H
	7.12
	1.03
	6.88
	1.23
	7.33
	0.91
	7.18
	0.98
	7.55
	7.58

	I
	7.30
	1.02
	6.50
	1.10
	7.23
	0.87
	7.15
	0.97
	8.12
	7.28

	J
	7.25
	1.00
	6.48
	1.26
	7.12
	0.88
	7.10
	1.15
	8.20
	7.34



	Panel assessment on the overall likeness of the products (Figure 4) shows that as the ratio of millet flour to that of wheat flour increases (Sample A to J), panel liking also increased. However, when ratios of millet to wheat were 1:1 and above (Sample F to K) their likeness decreased. The assessment showed that sample I and J was the most preferred.

Fig. 4 Overall acceptability different millet compositions
3.3 Production cost of millet cup cake 
	The cost of production of cake incorporated with refined wheat flour and millet mixtures was approximately Rs.45.43/100 g. 
4. Conclusion 
	There was improvement on the nutritional contents of the formulation as the proximate analysis general showed an increase in value from the control samples. Panel were able to correctly discriminate between the different samples in terms of the sensory attributes on the 9-point hedonic scale. However, the overall liking of the samples as perceived by the panel indicated that all products were acceptable with samples I and J dues mixing of millet mixture and wheat flour. The relationship between overall acceptability of cupcakes from various millets (Table.4) indicates that overall acceptability of cupcakes prepared from various millets was depends on taste, flavour, texture. Mixture of millets cupcakes overall acceptability represents positive significant relationship with bulk density. 
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