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Development and Sensory Evaluation of Millet Based Edible Cutlery



ABSTRACT 
    
           Disposable plastic makes up approximately 50 per cent  of the total plastic waste, contributing considerably to pollution and harming ecosystems worldwide.  Some entrepreneurs are attempting to find a solution for disposable plastic by introducing options that can be biodegradable or eaten. Little grains that are heterogeneously grouped under the umbrella word "millet" are referred to as "coarse cereals" together with maize and sorghum. Although millets are not very important in the west, they are a staple in the diets of people in Asia and Africa. The three treatments (WR1, WR2, WR3) ,(LM1, LM2, LM3), (FM1, FM2, FM3) and refined wheat flour edible cutlery (Control) were made with 20, 30, and 40 per cent of white finger millet, little millet and foxtail millet flour incorporation and other ingredients are mixed together with the addition of water used to achieve a highly acceptable product. Four formulations were standardized by incorporating 40 percent of refined Wheat flour (RWF) and millet flours like White Finger Millet Flour (WFMF), Little millet flour (LMF), and Foxtail Millet Flour (FMF) to develop different millet based edible cutlery (Control, WFEC, LMEC and FMEC).After,standardization, the edible cutlery with 40 per cent of white finger millet, little millet and foxtail millet flour incorporation was best accepted among three formulations attributed with higher sensory scores for all the sensory attributes compared to 20 and 30 per cent  flour of incorporation. Consumer survey data showed, the millet based edible cutlery were highly (95 per cent) accepted . The cost of production of refined wheat flour, white finger millet, little millet and foxtail millet based edible cutlery was approximately Rs.168.71rs/kg.  Whereas the selling price of millet based edible cutlery could be approximately Rs.800.0/kg. This edible cutlery could also be called as ready to eat product because they do not need any further preparation. 
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INTRODUCTION
        Plastics cutleries are stable and durable, but their decomposition can take from several decades to hundreds of years. Improvements and facilitation of human life has been beginning since 1950 due to commercialization of plastic. presently, the 50 percent of the environmental pollution is due to improper disposal and accumulation of the increased plastic in the nature is indirectly responsible for degenerative kind of disorders both in humans and animals ( Siddiqui etal.,2023 ; manivel and Paramasivam,2024) . On the other side India shares a quarter of the global hunger burden with nearly 195 million undernourished people. Despite substantial improvement in health and well-being since independence, malnutrition remains a silent emergency in the country. The vulnerability of agriculture to climate change further compounds the risk of malnutrition. Being a nutritious and climate-resilient crop, millets are an excellent solution for the current agricultural and nutritional crisis in the country (Meshram et al., 2025). 
[bookmark: _GoBack]Their hardiness, tolerance of adverse weather, and ability to be cultivated with few inputs in low rainfall areas give them agricultural relevance. To boost the production of the nutrient-rich millets, the Government of India observed the year 2018 as India’s “National Year of Millets”. In addition, many other pro-millet policies have been implemented to leverage millets for combating nutrition insecurity in the country (Jaspal et al., 2024).
             Millets are rich sources of various nutrients, including B vitamins, calcium, iron, potassium, magnesium, and zinc, and are gluten-free with a low glycemic index, making them suitable for people with allergies/intolerance to wheat, diabetic, or trying to lose weight. Millet-based industrial products have great potential in the market due to their high nutritional value and health benefits. The market potential of millet-based industrial products is increasing, given the growing awareness among the population regarding the health benefits of millets (Thul et al., 2026). The promotion of millet-based products is aimed at enhancing their visibility and total acceptance in both rural and urban populations, creating a sustainable ecosystem for growers and processors.
       The market for millet-based products is growing rapidly, driven by increasing consumer awareness of their health and environmental benefits. There is a growing demand for new and innovative millet-based products that meet the needs of today’s consumers. Looking at the scope, many brands are looking to venture into this business by outsourcing manufacturing and food labels. Creative approaches to millet-based snacking are emerging, meeting consumer preferences for healthier choices. Examples of millet-based industrial products include millet flour, which can be used to make various baked goods such as bread, biscuits, and cakes; millet-based snack foods such as puffed millet, millet-based breakfast cereals, millet-based baby food, biscuits, amylase, proteases, and lignolytic enzymes   millet chips, and millet granola bars are all popular millet-based snack options. These snacks are often made with other healthy ingredients, such as nuts, seeds, and fruits. Innovative entrepreneurs are attempting to find a solution for disposable plastic by introducing options that can be biodegradable or eaten (Siddiqui et al., 2023; Manivel and Paramasivam, 2024). Edible cutlery is biodegradable, eco-friendly and nutritionally enriched food. By choosing edible cutlery, consumers can simultaneously support environmental sustainability and enhance their dining experience.  The primary aim of this study was to develop edible cutlery and adding with cereal flours like rice flour, wheat flour and sorghum flour were chosen due to their nutritional benefits including the high content of carbohydrates, energy, fibre and micro mineral contents. Additionally, their unique functional properties, such as binding capacity and texture enhancement make them suitable for developing durable and palatable edible cutlery. The second aim was to conduct consumer preference test on best accepted edible cutleries and third aim was to calculate the cost benefit ratio of the millet based edible cutlery.
 
MATERIALS AND METHODS

[bookmark: White_ragi,_little_millet,_foxtail_mille] Procurement of Raw Materials
[bookmark: _Hlk217036379] White finger millet, little millet, foxtail millet, wheat flour, rice flour, sorghum flour, sugar, margarine, milk powder, salt, vanilla essence, guar gum and packaging materials such as Metalized Polyester Polyethylene (MPP) and aluminum silver foil packaging materials were procured from local market of Bangalore. 
Processing of raw materials
The procured millets such as white finger millet, little millet, foxtail millet grains were subjected to manual cleaning, washing in potable cold water to remove dust and other foreign materials. Cleaned and dried grains were ground in a commercial food processing pulverizer and passed through BS 40 mesh sieve to get a fine and uniform flour (Plate1).
Procurement of raw materials (white finger millet, little millet, foxtail (1 kg each)


Washed 2-3 times with potable water to remove dust and glumes



Soaked for 5 hrs and Drained the excess water

in potable water


Dried at 80˚C for 12 hours in the cabinet tray dryer



Milling and sieving


	Packed the sieved flour in Aluminum silver foil and MPP packaging material air tight




Fig 1: Flow chart for preparation of white finger millet, little millet and foxtail millet flours


[bookmark: Preparation_of_control_cutlery]Formulation and Preparation of Millet based Edible Cutlery
The control  and experimental edible cutlery was prepared by following a method mentioned according to Rajendran etal (2020) with slight modifications.
 Table -1: Formulation of different millet based edible cutleries
	
	Control
	Finger millet edible cutlery
	Little millet edible cutlery
	Foxtail millet edible cutlery

	Ingredients (g)
	
	WR1
	WR2
	WR3
	LM1
	LM2
	LM3
	FM1
	FM2
	FM3

	Maida
	40
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Finger millet flour
	-
	20
	30
	40
	-
	-
	-
	-
	-
	-

	Little millet flour
	-
	-
	-
	-
	20
	30
	40
	-
	-
	-

	Foxtail millet flour
	-
	-
	-
	-
	-
	-
	-
	20
	30
	40

	Rice flour
	1
	5
	3
	1
	5
	3
	1
	5
	3
	1

	Wheat flour
	20
	30
	22
	20
	30
	22
	20
	30
	22
	-

	Sorghum
	15
	20
	20
	15
	20
	20
	15
	20
	20
	15

	Margarine fat
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	Xanthan gum
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	Corn starch
	2.5
	3
	3
	2.5
	3
	3
	2.5
	3
	3
	2.5

	Milk powder
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Sugar
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12

	Salt
	0.5
	1
	1
	0.5
	1
	1
	0.5
	1
	1
	0.5

	Vanilla essence
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100



 Table2: Standardized edible cutleries
	Ingredients
	Control 
	WFEC
	LMEC
	FMEC

	Flour
	40
	40
	40
	40

	Rice  flour
	1
	1
	1
	1

	Wheat flour
	20
	20
	20
	20

	Sorghum
	15
	15
	15
	15

	Margarine fat
	2
	2
	2
	2

	Xanthan gum
	2
	2
	2
	2

	Corn starch
	2.5
	2.5
	2.5
	2.5

	Milk powder
	4.5
	4.5
	4.5
	4.5

	Sugar
	12
	12
	12
	12

	Salt
	0.5
	0.5
	0.5
	0.5

	Vanilla essence
	0.5
	0.5
	0.5
	0.5

	Total
	100
	100
	100
	100


The ingredients like, refined wheat flour, rice flour, wheat flour, sugar, margarine, corn starch, xanthan gum, milk powder, sorghum flour, salt and vanilla essence were mixed together by adding 10ml of water. All the ingredients were mixed well and kneaded to form soft dough. The dough was allowed to rest for 10minute. Later the soft dough is spread to make a sheet of thickness 2.5mm. The prepared soft dough sheet was cut into round shape using cutlery cutter followed by moulding. The prepared soft dough moulds were baked in baking oven at temperature of 140°C for 45 minutes. After baking the cutlery was allowed to cool naturally. The cooled cutlery was packed airtight and preserved for further study (Table1and 2).  Four formulations were standardized by incorporating 40 percent of refined Wheat flour (RWF) and millet flours like White Finger Millet Flour (WFMF), Little millet flour (LMF), and Foxtail Millet Flour (FMF) to develop different millet based edible cutlery (Control, WFEC, LMEC and FMEC).  
 Procurement of raw materials



Soaking and cleaning


Tray dried at 60˚C for 12 hour


Dehusking and milling

Mixing the weighed ingredients



                                                     Kneading, rolling and  Moulding



[bookmark: _Hlk219978479]Baking @140˚C for 45 min

Cooling and packaging


Fig 2: Process flow chart for production of millet based edible cutlery




Sensory evaluation of developed millet-based cutlery

Millet based edible cutlery were evaluated for their sensory attributes (plate 2) by a panel of 21 semi-trained members using 9 point hedonic scale suggested by Mishra et al.(2023). Developed edible cutleries were evaluated for their sensory attributes such as appearance, texture, taste, mouth feel, flavour, and overall acceptability (Annexure – I). (9=Liked extremely; 1=Disliked severely).

Consumer acceptability of best accepted white finger millet, little millet and foxtail millet based edible cutlery


The most accepted products were further served to the 100 consumers to test the general acceptance pattern (Plate 2). Those 100 Consumers were randomly selected and distributed with the products and were asked to score the products with a simple evaluation test. Information obtained was analyzed to find out the level of acceptance of the products.

Cost estimation of best accepted white finger millet, little millet and foxtail millet based edible cutlery

The method adopted for economic analysis was as per Kamaliya (2005). The basic cost of raw ingredients used for product preparation was calculated on the current cost at the time of preparation of the raw ingredients procured from the whole sale commercial market. For calculations of cost, 30 per cent of the basic cost was added as overhead charges to raw material cost and the total cost was considered as the production cost. The selling price was calculated by adding 20 per cent profit to production cost. The experimental product could be sold easily at a premium rate. Therefore, a premium-selling price was calculated with additional marginal premium charges of just 10 per cent more than normal selling price and expressed as per cent of extra income gained as compared to the control product.

Statistical analysis
In the present study one-way ANOVA was applied. The data was tabulated and analyzed by keeping in view of the objectives and parameters of the study. All the analyses were performed in triplicate and the data was analyzed using EXCEL and one-way ANOVA was applied for storage study interactions.

RESULTS AND DISCUSSION 
Development and standardization of white finger millet, little millet and foxtail millet based edible cutlery
· Composition of refined wheat flour based edible cutlery (100g /      weight basis)
The present research study supported by Rajendran et al. (2020) prepared nutritious edible cutlery using the composite flour such as wheat flour, pearl millet and barnyard millet and optimize the composition based on water absorption characteristics at various temperatures. Levels of independent variable such as wheat flour, pearl millet and barnyard millet flour have been varied from 0-40 per cent, 0-50 per cent and 0-50 per cent respectively. Based on both individual and combination of all responses, optimum composition was found to be at 50.12 per cent  wheat flour, 26.18 per cent  barnyard and  zero  per cent  of pearl millet flour.
Development and standardization of millet based edible cutlery
[bookmark: _Hlk220115663]The three treatments (WR1, WR2, WR3) ,(LM1, LM2, LM3), (FM1, FM2, FM3) and refined wheat flour edible cutleries (Control) were made with 20 per cent , 30 per cent and 40 per cent of white finger millet, little millet and foxtail millet flour incorporation and other ingredients like rice flour, wheat flour, sugar, margarine, corn starch, xanthan gum, milk powder, sorghum flour, and salt and vanilla essence are mixed together with the addition of 10ml of water used to achieve a highly acceptable product.
     Table 2. Formulation of different millet based edible cutlery
	
	Control
	Finger millet edible cutlery
	Little millet edible cutlery
	Foxtail millet edible cutlery

	Ingredients (g)
	
	WR1
	WR2
	WR3
	LM1
	LM2
	LM3
	FM1
	FM2
	FM3

	Maida
	40
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Finger millet flour
	-
	20
	30
	40
	-
	-
	-
	-
	-
	-

	Little millet flour
	-
	-
	-
	-
	20
	30
	40
	-
	-
	-

	Foxtail millet flour
	-
	-
	-
	-
	-
	-
	-
	20
	30
	40

	Rice flour
	1
	5
	3
	1
	5
	3
	1
	5
	3
	1

	Wheat flour
	20
	30
	22
	20
	30
	22
	20
	30
	22
	-

	Sorghum
	15
	20
	20
	15
	20
	20
	15
	20
	20
	15

	Margarine fat
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	Xanthan gum
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	Corn starch
	2.5
	3
	3
	2.5
	3
	3
	2.5
	3
	3
	2.5

	Milk powder
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Sugar
	12
	12
	12
	12
	12
	12
	12
	12
	12
	12

	Salt
	0.5
	1
	1
	0.5
	1
	1
	0.5
	1
	1
	0.5

	Vanilla essence
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5
	0.5

	Total
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100


Control : Refined wheat flour edible cutlery,WT1: 20 percent  finger millet edible cutlery, WT2: 30 per cent finger millet edible cutlery, WT3: 40 per cent  finger millet edible     cutlery, LM1: 20per cent  little millet edible cutlery, LT2: 30per cent  little millet edible cutlery, LM3: 40 per cent little millet edible cutlery , FM1: 20per cent  foxtail millet edible cutlery, FM2: 30 per cent  foxtail millet edible cutlery, FM3:  40 per cent  foxtail millet edible cutlery .
Values expressed as Mean ±SD                      *Significant (P<0.05)
Iqbal et al. (2022) developed edible utensils with a blend of rice, sorghum and millet. edible cutlery has been developed in the current study with all-natural ingredients i.e., the blend of rice, sorghum and millets and different flour blends (Blend A, Blend B and Blend C) .refined wheat flour edible cutleries, white finger millet, little millet and foxtail millet based edible cutleries were formulated and standardized individually by replacing refined wheat flour, white finger millet, little millet, and foxtail millet flour at 20, 30 and 40 per cent incorporation. The developed edible cutlery was evaluated for physical, textural and sensory properties. The product with higher mean scores for sensory attributes were selected as best accepted product and considered as refined wheat flour edible cutleries for further replacement of millet flours. The detailed composition of different flours incorporated edible cutleries was presented in Table 2 and 3.
 Table 3. Standardized edible cutleries
	Ingredients
	Control 
	WFEC
	LMEC
	FMEC

	Flour
	40
	40
	40
	40

	Rice  flour
	1
	1
	1
	1

	Wheat flour
	20
	20
	20
	20

	Sorghum
	15
	15
	15
	15

	Margarine fat
	2
	2
	2
	2

	Xanthan gum
	2
	2
	2
	2

	Corn starch
	2.5
	2.5
	2.5
	2.5

	Milk powder
	4.5
	4.5
	4.5
	4.5

	Sugar
	12
	12
	12
	12

	Salt
	0.5
	0.5
	0.5
	0.5

	Vanilla essence
	0.5
	0.5
	0.5
	0.5

	Total
	100
	100
	100
	100


Control -Refined wheat flour edible cutlery, WFEC- White finger millet edible cutlery, LMEC- Little millet edible cutlery and FMEC- Foxtail millet edible cutlery                                                                                            
The present study supported by Hazra and Sontakke (2023) prepared eco-friendly edible cutlery spoons by utilizing functional ingredients includes refined wheat flour, white finger millet flour, sorghum flour and Indian ginseng (Ashwagandha) roots powder. Indian ginseng root powder prepared by drying fresh roots in a tray dryer at refined wheat flour edible cutlery  led temperature. Edible cutlery spoons were produced using formulations containing wheat flour (60 g) and sorghum flour (20 g) was kept constant in all the samples. White finger millet flour and ginseng powder level varied in different formulations of edible cutlery. Ginseng powder level varied from 0, 1, 2, 3, 4, 5 and 6 per cent in sample S0, S1, S2, S3, S4, S5, and S6 respectively.
Mishra et al. (2023) developed a vegan eatable cone using rice flour, bajra, and whole wheat flour with nori sheets. They incorporated rice flour( 20 per cent ) , bajra (5per cent), whole wheat flour (5 per cent ) , refined flour(30 per cent ) , multigrain (20 per cent ), corn starch (10 per cent ) and nori sheet( 10 per cent) were used to completely replace refined wheat flour edible cutleries while making a cereal-based cone.
Sensory evaluation of millet based edible cutleries
The organoleptic evaluation of developed millet based edible cutleries were done by using 9 point hedonic scale, conducted by 21 semi trained panel members.  
The mean sensory scores for all the sensory attributes for the refined wheat flour, white finger millet, little millet and foxtail millet based edible cutlery with different level of flour incorporation are presented in the Table 4. The organoleptic evaluation of white finger millet, little millet and foxtail millet edible cutlery kept for sensory evaluation by 21 semi trained panel members. The edible cutleries with 40 per cent of white finger millet, little millet and foxtail millet flour incorporation was best accepted among three formulations attributed with higher sensory scores for all the sensory attributes compared to 20 and 30 per cent flour of incorporation.
Mean sensory scores of different flours based edible cutlery
The mean scores for appearance, color, flavor, aroma, texture, taste, particle size, after taste and overall acceptability of refined wheat flour edible cutleries was (8.32, 8.2, 8.12, 8.1, 8.32, 8.28, 8.48) respectively. Overall acceptability mean score of C (8.48) followed by LMT3 (8.04), WT3 (8.4), and FMT3 (8.0). The trend continued for flavor, taste, texture, and mouth feel, with millet edible cutleries consistently scoring the highest among all types and showed a non-significant result. 
The present study which was supported by Mishra et al. (2023) Developed vegan eatable cone using rice flour, bajra, and whole wheat flour with nori sheets. Using the nine-point hedonic scale method, ten trained panel members evaluated the sensory quality of the samples .
In order to evaluate the product  they give scores based on appearance, texture, taste, mouth feel, flavor, and overall acceptability. The panelists rated the overall acceptability of the cones formulations, which scored better (9) and (8.9) respectively compared to the refined wheat flour edible cutleries (9) in consumer approval, using a hedonic scale for sensory evaluation (9=Like extremely; 1=Dislike severely).
Rukijkanpanich and Srininrat (2022) developed ice cream stick from raw banana powder. samples that is 50, 65, and 80 per cent  RBPP at 40 per cent SA and 40 min of BT were selected for an acceptance test based on the conditions of hardness and aw. The sensory analysis showed that there was a good acceptance for the characteristics of color, odor, taste and texture and overall the samples exceeded the minimum threshold of 5.0. 
Table 4: Sensory scores of white finger millet, little millet, foxtail millet flour based edible cutlery
	Millet edible cutlery
	Appearance
	Color
	Flavor
	Taste
	Texture
	Mouth feel
	OAA

	Control
	8.32±0.51
	8.20±0.61
	8.12±0.87
	8.10±0.80
	8.32±0.72
	8.28±0.65
	8.48±0.56

	WT1
	7.72±0.53
	7.36±0.74
	7.44±0.90
	7.40±0.32
	8.20±0.80
	7.28±0.90
	7.52±0.59

	WT2
	8.00±0.49
	7.62±0.53
	8.04±0.46
	7.94±0.61
	8.26±0.68
	7.98±0.67
	7.86±0.66

	WT3
	7.56±0.61
	7.74±0.77
	8.32±0.59
	8.28±0.92
	8.32±0.70
	8.24±0.90
	8.40±0.61

	LM1
	6.44±0.63
	6.36±0.69
	6.48±0.66
	6.52±0.69
	7.32±0.70
	6.36±0.62
	6.40±0.68

	LM2
	7.16±0.60
	7.12±0.80
	7.16±0.60
	7.04±0.72
	7.88±0.71
	7.40±0.70
	7.20±0.69

	LM3
	7.84±0.71
	7.88±0.73
	7.8±0.70
	7.92±0.80
	8.80±0.73
	8.12±0.80
	8.04±0.80

	FM1
	7.10±0.30
	6.60±0.70
	7.10±0.60
	7.30±0.31
	7.80±0.72
	7.90±0.68
	7.40±0.54

	FM2
	6.23±0.60
	6.90±0.76
	6.80±0.70
	7.20±0.35
	7.90±0.69
	8.10±0.80
	8.00±0.82

	FM3
	7.40±0.69
	7.50±0.70
	8.02±0.46
	8.00±0.62
	8.00±0.62
	7.90±0.60
	8.00±0.57

	F-value
	*
	*
	*
	*
	NS
	*
	*

	SEm ±
	0.14
	0.25
	0.20
	0.26
	0.22
	0.21
	0.25

	CD at 5%
	0.48
	0.49
	0.52
	0.58
	0.59
	0.49
	0.45


Control : refined wheat flour edible cutlery, WT1: 20per cent finger millet edible cutlery, WT2: 30 per cent  finger millet edible cutlery, WT3: 40 per cent finger millet edible cutlery, LM1: 20 per cent little millet edible cutlery, LT2: 30 per cent  little millet edible cutlery, LM3: 40 per cent  little millet edible cutlery, FM1: 20 percent  foxtail millet edible cutlery, FM2: 30 per cent  foxtail millet edible cutlery, FM3:  40 percent  foxtail millet edible cutlery Values expressed as Mean ±SD                      *Significant (P<0.05)
 Mean sensory scores of white finger millet based edible cutlery
The mean sensory scores for best accepted white finger millet edible cutlery was presented in Fig 3. Mean sensory scores for best accepted white finger millet edible cutlery varied in appearance (7.72 to 8.0), color (7.36 to 7.74), flavor (7.44 to 8.32), texture (8.2 to 8.32), taste (7.4 to 8.28), mouth feel  (7.28 to 8.24) and OAA (7.52 to 8.4). Non – significant difference was observed for texture in best accepted white finger millet based edible cutleries. Significant difference was observed in appearance, color, flavor, taste, mouth feel and overall acceptability of best accepted white finger millet based edible cutleries. Overall acceptability mean score of WT3 (8.4) scored the highest among all types.
Mean sensory scores of little millet based edible cutlery
The mean sensory scores for best accepted little millet edible cutlery was presented in Fig 4. Mean sensory scores for best accepted little millet edible cutlery varied in appearance (6.64 to 7.84), color (6.36 to 7.88), flavor (6.48 to 7.8), texture (7.32 to 8.8), taste (6.52 to 7.92), mouth feel (6.36 to 8.8) and OAA (6.4  to 8.04). Non – significant difference was observed for texture in best accepted little millet based edible cutlery. Significant difference was observed in appearance, color, flavor, taste, mouth feel and overall acceptability of best accepted little millet based edible cutlery. Little millet flour incorporated cutleries LMT3 (40%) is the best accepted by the semi panelist.
Mean sensory scores of foxtail millet based edible cutlery
The mean sensory scores for best accepted foxtail millet edible cutlery were presented in Fig 5. Mean sensory scores for best accepted foxtail millet edible cutlery varied in appearance (6.23 to 7.4), color (6.6 to 7.5), flavor (6.8 to 8.02), texture (7.8 to 8.0), taste (7.2 to 8), mouth feel (7.9 to 8.1) and OAA (7.4 to 8.0). Non – significant difference was observed for texture in best accepted foxtail millet based edible cutlery. Significant difference was observed in appearance, color, flavor, taste, mouth feel and overall acceptability of best accepted foxtail millet based edible cutlery. Overall acceptability mean score of FM3 (8.0) scored the highest among all types. Foxtail millet flour incorporated cutleries LMT3 (40 percent) is the best accepted by the semi panelist. mean sensory score is highest for refined wheat flour edible cutleries followed by LMC.
The findings of the present study are similar to the observation reported by Mukherjee and Raju (2023) here the high mean value was obtained for appearance of 6.53 compared to other sensory attributes. Which was lower than my present study i.e., 7.1, 6.23 and 7.4 respectively.
Table 5 provides a detailed insight into the mean sensory scores of developed edible cutleries, specifically those crafted from millet, denoted as Control, WRT3, LMT3, and FMT3. Examining the scores for appearance, millet edible cutlery Control  leads with a mean score of 8.32±0.58, suggesting a visually appealing product. WRT3, LMT3, and FMT3 follow closely with scores of 7.72±0.63, 8.00±0.59, and 7.56±0.71, respectively. This indicates that while all variants are well-received in terms of appearance.
 Color scores reveal a similar trend, with control obtaining the highest mean score of 8.2±0.67, followed closely by LMT3 at 7.62±0.63. The flavor, taste, and texture of the millet-based cutleries also display commendable scores across all variants, reflecting a harmonious balance of sensory attributes. Interestingly, the mouth feel scores for WRT3 and FMT3 exhibit slightly lower mean values.
The OAA scores, representing the overall acceptability of the millet edible cutlery, provide a holistic perspective. Millet edible cutlery C emerges as the most accepted, scoring 8.48±0.66, while the other variants, though slightly lower, maintain respectable mean scores ranging from 7.4 to 7.86.
 The Present study was supported by Amerine et al. (2013) conducted standard 9-point hedonic scale procedure which was used to carry out the organoleptic evaluation. They served cutlery samples to 35 trained and semi trained panelist to analyze the organoleptic score of each parameter.
Table 5: Mean sensory scores of best accepted edible cutlery
	Millet edible cutlery
	Appearance
	Color
	Flavor
	Taste
	Texture
	Mouth feel
	OAA

	Control
	8.32±0.58
	8.20±0.67
	8.12±0.77
	8.10±0.80
	8.32±0.82
	8.28±0.75
	8.48±0.66

	WRT3
	7.72±0.63
	7.36±0.79
	7.44±0.99
	7.40±0.36
	8.20±0.80
	7.28±0.93
	7.52±0.65

	LMT3
	8.00±0.59
	7.62±0.63
	8.04±0.56
	7.94±0.65
	8.26±0.58
	7.98±0.77
	7.86±0.66

	FMT3
	7.56±0.71
	7.24±0.87
	7.32±0.99
	7.28±0.97
	8.12±0.78
	7.24±0.92
	7.40±0.71

	F-value
	*
	*
	*
	*
	NS
	*
	*

	SEm ±
	0.13
	0.17
	0.18
	0.20
	0.20
	0.17
	0.15

	CD at 5%
	0.38
	0.47
	0.52
	0.58
	0.58
	0.49
	0.42


Control - Refined wheat flour edible cutlery, WRT3- White finger millet edible cutlery, LMT3- Little millet edible cutlery, FMT3- Foxtail millet based edible cutlery.
Values expressed as Mean ±SD,*Significant (P<0.05)
Table 5 provides a detailed insight into the mean sensory scores of developed edible cutlery, specifically those crafted from millet, denoted as Control, WRT3, LMT3, and FMT3. Examining the scores for appearance, millet edible cutlery Control  leads with a mean score of 8.32±0.58, suggesting a visually appealing product. WRT3, LMT3, and FMT3 follow closely with scores of 7.72±0.63, 8.00±0.59, and 7.56±0.71, respectively. This indicates that while all variants are well-received in terms of appearance.
 Color scores reveal a similar trend, with control obtaining the highest mean score of 8.2±0.67, followed closely by LMT3 at 7.62±0.63. The flavor, taste, and texture of the millet-based cutleries also display commendable scores across all variants, reflecting a harmonious balance of sensory attributes. Interestingly, the mouth feel scores for WRT3 and FMT3 exhibit slightly lower mean values.
The OAA scores, representing the overall acceptability of the millet edible cutlery, provide a holistic perspective. Millet edible cutlery C emerges as the most accepted, scoring 8.48±0.66, while the other variants, though slightly lower, maintain respectable mean scores ranging from 7.4 to 7.86.
 The Present study was supported by Amerine et al. (2013) conducted standard 9-point hedonic scale procedure which was used to carry out the organoleptic evaluation. They served cutlery samples to 35 trained and semi trained panelist to analyze the organoleptic score of each parameter.
Consumer acceptability of best accepted edible cutlery 
Table 6: Consumer acceptability of the best accepted products (n=100)
	Products 
	No. of respondents
	Highly acceptable (%)
	Acceptable (%)
	Not acceptable (%)

	Control
	100
	90b
	09b
	01c

	WFEC
	100
	86c
	12a
	02b

	LMEC
	100
	97a
	3c
	Nil

	FMEC
	100
	84c
	13a
	3a


Note: No of respondents = 100
Control - Refined wheat flour edible cutlery, WFEC- White finger millet edible cutlery, LMEC- Little millet edible cutlery, FMEC- Foxtail millet edible cutlery	
Consumer acceptability is a crucial concept in the world of business and marketing. It represents the degree to which a product, service, or idea fulfills the expectations and requirements of consumers. Understanding consumer acceptability is essential for businesses.
aiming to create successful products or services that resonate with their target audience. Sensory quality and consumer preference are useful and important for product development and quality refined wheat flour edible cutlery. Consumer-oriented food product development needs to be considered as a tool for building competitive advantage and long-term enterprise success in the market and for prevention of negative changes in product quality and acceptability.
 The introduction of a product makes sense only when it meets the consumer acceptance otherwise such products should be rejected. The level of consumer preference on best accepted refined wheat flour edible cutlery, white finger millet based edible cutleries, little millet and   foxtail millet based edible cutlery was presented in Table 6. The results indicated that among all the parameters, majority (97 per cent) of the consumers highly accepted  little millet based edible cutleries. However  less than 3 per cent consumers  were not accepted the fox tail millet based edible cutleries followed by WRFC. This may be due to the accustomed habit of consuming millet based products for a long time or people allergic to millet because of the ant nutrient presence or lack of awareness about the health benefits of millet based products.
The similar study was conducted by Serrem et al. (2011) assessed the consumer acceptability of sorghum biscuits supplemented with soya flour biscuit and wheat flour biscuit. Children with age group 8-9 years were selected for consumer acceptance test, study was carried out using five point facial hedonic scale (1-dislike very much, 5- like very much). All biscuits had a high hedonic rating of above 80 per cent and the soy biscuits were equally liked to the whole biscuits.
4.13 Cost analysis of the developed millet based edible cutlery
Cost of millet-based edible cutleries requires a comprehensive analysis of raw materials, manufacturing processes, quality standards, and distribution logistics. While the initial investment in sustainable practices and certifications might seem high and for the long-term benefits, both environmentally and economically are substantial. Overhead cost including the cost of labor, cost of power, cost of machinery, packaging and labeling cost given in Table 7.
Table 7. Cost estimation of best accepted developed edible cutlery
	Edible cutlery
	Control
	WFEC
	LMEC
	FMEC

	Net weight (g)
	100
	100
	100
	100

	Ingredient cost (Rs.)
	11.24
	10.56
	15.36
	14.16

	OHD (30%)
	03.37
	3.17
	04.61
	04.25

	Profit (20%)
	2.24
	2.11
	3.07
	02.83

	Total cost (Rs.)
	16.87
	15.85
	23.05
	21.25

	Rounded off  to (Rs.) 
	17.00
	16.00
	23.00 
	21.00


The amount of edible cutlery per 100g of net weight is 10 pieces.
Control-Refined wheat flour edible cutlery, WFEC-White finger millet edible cutlery LMEC-Little millet edible cutlery, FMEC-Foxtail millet edible cutlery
By integrating technological advancements, ensuring efficient supply chains and promoting sustainable practices, businesses can create a viable and competitive market for millet-based edible cutlery, aligning profitability with environmental responsibility. The cost of production of refined wheat flour edible cutlery, white finger millet, little millet and foxtail millet based edible cutlery was approximately Rs.168.71 Rs/kg.  Whereas the selling price of millet based edible cutlery could be approximately Rs.800/kg. The cost was worked out for laboratory scale production which may still be reduced during mechanization processes for mass production.

Conclusion: 
                Edible cutlery  developed with 40 per cent incorporation of white finger millet, little millet and foxtail millet flours were best accepted among three formulations attributed with higher sensory scores for all the sensory attributes compared to 20 and 30per cent  flour of incorporation. Consumer study results showed millet based edible cutlery were highly acceptable. However around less than 3 per cent of the consumers  were not accepted  the millet based edible cutlery. The cost of production of refined wheat flour, white finger millet, little millet and foxtail millet based edible cutleries was approximatelyRs.168.71rs/kg.  Whereas the selling price of millet based edible cutlery could be approximately Rs.800.0/kg. These edible containers could also be called as ready to eat because these do not need any further preparation. Future research should focus on identifying materials with reduced absorption capacity, enabling the development of longer-lasting edible utensils.
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Fig 3: Sensory score of white finger millet edible cutlery 
WT1: 20 % white finger millet edible cutlery, WT2: 30 % white finger millet edible cutlery, WT3: 40 % white finger millet edible cutlery



Fig 4: Sensory score of little millet edible cutlery
LM1: 20% little millet edible cutlery, LT2: 30% little millet edible cutlery, LM3: 40% little millet edible cutlery



Fig 5: Sensory score of foxtail millet edible cutlery
FM1: 20% foxtail millet edible cutlery, FM2: 30% foxtail millet edible cutlery, FM3:  40% foxtail millet edible cutlery
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