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ABSTRACT
Food packaging plays a critical role in preserving food quality and safety by acting as a barrier against external contaminants such as microorganisms, dust, gases, and light In recent years, biodegradable food packaging materials made from renewable biological resources have emerged as a sustainable alternative to address the problems associated with conventional plastic packaging. Millet foods are mostly packed in plastic containers. It promotes the release of micro plastic to the food. To avoid such effects to the environment and also provide suitable alternative to plastic cutlery, edible cutlery is a creative and futuristic approach towards manufacture of food deliverables and storage. The developed edible cutleries stored in aluminium silver foil and metalized polyester pouches (MPP) packaging material during the storage interval (0th, 30th, 60th and 90th day), analyzed for the change in sensory parameters. Color scores for developed edible cutlery during storage interval showed that as the day increases, there is a decrease in the color scores in both the packaging materials. Texture of developed refined wheat flour, white finger millet, little millet and foxtail millet-based edible cutlery is significantly affected during the 90th day of storage interval. Refined wheat flour, white finger millet, little millet and foxtail millet-based edible cutleries stored in MPP packaging material resulted a good texture, which ranged from 7.73 to 8.21, 7.56. Mean sensory scores for taste of developed edible cutleries (Control, WFEC, LMEC and FMEC) stored in Aluminium silver foil packaging material decreased from 8.13 to 7.53, 7.46 to 6.76, 7.98 to 7.36 and 7.22 to 6.73, respectively. The mean sensory scores for flavor of Control, WFEC, LMEC and FMEC stored in Aluminium silver foil packaging material decreased from 8.07 to 7.43, 7.43 to 7.03, 8.04. to 7.43 and 7.34 to 6.73, respectively. The evaluation of mouth feels resulted in mean sensory scores of percent refined wheat flour as control (8.26 to 7.35 and 8.26 to 7.66), WFEC (7.29 to 6.63 and 7.29 to 6.73), LMEC (7.99 to 7.33 and 7.99 to 7.43) and FMEC (7.24 to 6.53 and 7.24 to 6.63) stored in Aluminium silver foil and MPP packaging material respectively from initial day to final day of storage period under ambient temperature. During the storage interval even though an increase in the moisture content, free fatty acid content and peroxide value, but rancid or off flavor is not observed. All the obtained results showed that they are under the permissible limit.
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INTRODUCTION
The assessment of food product storage and shelf life is a critical aspect of ensuring food safety, quality, and sustainability in the food industry. This entails a methodical assessment of numerous parameters that affect food-storage circumstances and the time frame over which the desired characteristics of a food product can be preserved. In today’s food industry, there is a growing focus on increasing shelf life while reducing the use of artificial additives and preservatives. Innovations in packaging technology, processing techniques, and natural preservatives have resulted from this focus (Brar et al., 2023; Cruz, 2025). Millets are a major source of human food, and their production has been steadily increasing in recent decades to meet the dietary requirements of the increasing world population. Being a key source of animal food, millet production has been sharply increasing over the last few years in order to cope with the dietary requirements of the ever-increasing world population. It is a splendid source of essential nutrients such as protein, carbohydrates, fat, minerals, vitamins, and also some other bioactive compounds that eventually help through multiple biological activities, including antioxidant, anti-hyperglycemic, anti-cholesterol, anti-hypertensive, anthropometric effects and regulation of gut microbiota composition (Sabuz et al., 2023; Harish et al., 2024).
Production of cereal grains has achieved new heights worldwide. These cereals have a significant role in the human diet as the primary source of energy. Overall, cereal production in 2019 stands at a record of 2715 million tonnes. However, nowadays, the world is facing many global issues like the growing population, climatic variations, increasing food prices, water scarcity, environmental contamination, and other socio-economic impacts. These adverse factors could affect regional agricultural developments and reduce cereal production, resulting in high food prices and major food security issues worldwide. In addition, these vulnerable conditions are difficult for local farmers due to limited resources. Therefore, on-field limited production issues need to be redesigned by nutrition and technology experts to search for a suitable cereal crop that should be considered as a potential food source. In this regard, millet could be an alternative nutritious food to meet the dietary needs of a growing population. Millets are an excellent source of all essential nutrients like protein, carbohydrates, fat, minerals, vitamins, and bioactive compounds.
Many studies have reported millet consumption as supplement food for improving nutritional security and livelihoods. Millet consumption as a significant food component in different parts of the world. It is consumed as porridge in Russia, Poland, and China. In the Namibian populace, millet is consumed as a staple food. A thin pancake made from ground millet is famous in Sudan. In Senegal, millet flour is consumed as porridge with mixed vegetables and a meat sauce. In Pakistan, millet is consumed in the form of chapati as food. India consumed millet in the form of khichdi, idli, and chapati. Millet can be used to produce commercial foods such as puffed millet, millet juice, and millet noodles.
                Scientific studies on the storage of sorghum and other millets have been less compared to other cereals. The durability of millet flours can be increased by subjecting the grain or flour to a variety of processing treatments. These techniques either aim to remove the lipid-containing anatomical parts by mechanical means or by inactivating the lipase and LOX enzymes by different processing techniques. The techniques are also aimed at causing damage to fungal or microbial DNA and thereby prevent spoilage. These techniques also induce changes in the functional properties of millets. 



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 aluminium 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 and 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.
[bookmark: Preparation_of_control_cutlery]Formulation and Preparation of Millet-based Edible Cutleries
The control edible cutlery was prepared by following a method mentioned according to Rajendran etal (2020) with slight modifications. The ingredients like, refined wheat flour, rice 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 a round shape using a cutter followed by moulding. The prepared soft dough moulds were baked in a baking oven at a 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 (Table1).  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 cutleries (Control, WFEC, LMEC and FMEC).                                                                           
Table 1. Formulation of millet based edible cutleries
	Ingredients (g)
	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

	Other ingredients (Fat, gum, starch,sugar,Salt, essence) 
	24
	24
	24
	24

	Total
	100
	100
	100
	100


                                                                                                    








[bookmark: _Hlk217487152]Shelf-life study of best accepted millet based edible cutleries

The products were stored for up to 90 days at ambient temperature. Two types of packaging materials were used. Each product was stored in aluminium silver foil and metalized polyester polyethylene (MPP) was kept in ambient condition. The products were evaluated for their organoleptic acceptability, quality parameters such as free fatty acid and peroxide.

Peroxide value

In the oxidative rancidity, oxidation of fat due to the combination of oxygen with unsaturated fatty acids takes place and results in the formation of compounds with a peroxide structure.
Peroxide value of oil (mEqO2/kg) = 

Free fatty acid

Free fatty acid content of the sample was determined according to the AOAC, 2005 method. The percentage of free fatty acids was calculated using oleic acid as a factor and expressed per cent of oleic acid/100g of sample.
[bookmark: 3.9_Microbial_analysis_of_best_accepted_]RESULTS AND DISCUSSION
Effect of storage on sensory characteristics of developed millet based edible cutleries stored in different packaging material
Effect of storage on sensory quality of best accepted refined wheat flour, white finger millet, little millet and foxtail millet edible cutleries are depicted. The sensory characteristics of the best accepted refined wheat flour, white finger millet, little millet and foxtail millet edible cutleries on storage period (0th, 30rd, 60thand 90th day) at room temperature were assessed by semi trained panelists.
 Mean sensory scores for the appearance of developed millet based edible cutleries during storage period
The mean sensory scores for appearance of edible cutleries prepared from refined wheat flour, white finger millet flour, little millet flour and foxtail millet flour at regular intervals during 90 days at ambient temperature is depicted in Table 2. From this data it was evident that appearance was found to decline gradually over the storage period which was significant (p<0.05). The mean sensory scores for appearance of C , WFEC, LMEC and FMEC stored in aluminium silver foil packaging material decreased from 8.03 to 7.79, 7.72 to 7.59, 8.32 to 8.15 and 7.56 to 7.32, respectively. Similar results are reported by Nagi et al. (2012) found that aluminium paper packaging was best to pack products up to three months of storage. whereas the same had a reduction from 8.03 to 7.89, 7.72 to 7.63, 8.32 to 8.18 and 7.56 to 7.50, respectively for those stored in MPP material.
Edible cutleries were less affected by storage period when packed in MPP material compared to aluminum silver foil packaging material. There is a statistically significant difference between the packaging materials in terms of their impact on quality during storage. Overall, the data suggests that the choice of packaging material plays a crucial role in preserving the quality of the stored items, and significant changes occur over the 90thday storage period.
Mean sensory scores for the color of developed millet-based edible cutleries on storage period
The mean sensory scores for color of edible cutleries prepared from refined wheat flour edible cutleries, white finger millet flour, little millet flour and foxtail millet flour at regular intervals during 90 days at ambient temperature is depicted in Table 3. Color of edible cutleries found to be decreasing during 3 months of storage period. The mean sensory scores for color of Control, WFEC, LMEC and FMEC stored in Aluminum silver foil packaging material decreased from 8.31 to 8.07, 7.72 to 7.43, 8.06 to 7.71 and 7.57 to 7.35 respectively whereas the same had a reduction from 8.31 to 8.18, 7.72 to 7.59, 8.06 to 7.83 and 7.57 to 7.38 respectively for those stored in MPP material. Edible cutleries stored in MPP material during 90 days of storage showed good color scores compared to those stored in Aluminum silver foil packaging material. This change was also reported by Senhofa et al. (2014) also observed declining effect on color during storage in cereal muesli (8.12 at 90th day).
Mean sensory scores for the texture of developed millet based edible cutleries on storage period
Developed edible cutleries were evaluated for the textural changes during 3 months of storage period and obtained results are depicted in Table 4. As the storage days advanced texture of the edible cutleries decreased significantly. There was no significant change in texture of edible cutleries during 0th and 30th day of storage interval in both Aluminium silver foil packaging and MPP packaging material. Edible cutleries were less affected by storage period when packed in MPP material compared to Aluminium silver foil packaging material. The packaging has a significant impact on texture as the values decreased . Because of increased moisture content which adversely affect the texture content or negligible gluten content present in flours. Desai et al. (2010)
Mean sensory scores for flavor of developed millet based edible cutleries at different intervals of storage
Perusal of Table 5 showed that the mean sensory flavor scores of edible cutleries during three-month storage period at ambient temperature. Flavor of edible cutleries found to be decreasing during 3 months of storage period. The mean sensory scores for flavor of Control, WFEC, LMEC and FMEC stored in Aluminium silver foil packaging material decreased from 8.07 to 7.43, 7.43 to 7.03, 8.04 to 7.43 and 7.34 to 6.73 respectively whereas the same had a reduction from 8.14 to 7.53, 7.47 to 7.13, 8.18 to 7.53 and 7.6 to 6.83, respectively for those stored in MPP material. Edible cutleries were less affected by storage period when packed in MPP material compared to Aluminium silver foil packaging material. There is a statistically significant difference between the packaging materials in terms of their impact on quality during storage.
Mean sensory scores for the taste of developed millet-based edible cutleries at different intervals of storage
The mean sensory scores for the taste of developed edible cutleries packed in Aluminium silver foil and MPP packaging material during 90 days of storage period is presented in Table 6.The mean sensory scores for taste of developed edible cutleries of Control, WFEC, LMEC and FMEC stored in Aluminium silver foil packaging material decreased from 8.13 to 7.53, 7.46 to 6.76, 7.98 to 7.36 and 7.22 to 6.73 respectively whereas the same had reduction from 8.13 to 7.63, 7.46 to 6.86, 7.98 to 7.43 and 7.16 to 6.83 for those stored in MPP material. Edible cutleries were less affected by storage period when packed in MPP material compared to Aluminium silver foil packaging material. A decrease in taste might be due to increased moisture content, which may cause the staling of flours used to make the products. These results are in evident with Rao et al. (1995). There is a statistically significant difference between the packaging materials in terms of their impact on quality during storage.
Mean sensory scores for mouth feel of developed millet-based edible cutleries at different intervals of storage
The mean sensory scores for the mouth feel of developed edible cutleries packed in Aluminium silver foil and MPP packaging material during 90 days of storage period is presented in Table 7.
The mouth feel of a product is a multidimensional oral sensation. The evaluation for property of mouth feel resulted in mean sensory scores of percent Control (8.26 to 7.35 and 8.26 to 7.66), WFEC (7.29 to 6.63 and 7.29 to 6.73), LMEC (7.99 to 7.33 and 7.99 to 7.43) and FMEC (7.24 to 6.53 and 7.24 to 6.63) stored in Aluminium silver foil and MPP packaging material respectively from initial day to final day of storage period under ambient temperature. Edible cutleries were less affected by storage period when packed in MPP material compared to aluminium silver foil packaging material. The mean sensory scores for the OAA of developed edible cutleries packed in aluminium silver foil and MPP packaging material during 90 days of storage period is presented in Table 7.
[bookmark: _Hlk220415157]The mean sensory scores of edible cutleries with respect to overall acceptability showed a significant decrease in both aluminium silver foil and MPP packaging material during storage period. The mean values for overall acceptability of Control, WFEC, LMEC and FMEC decreased from 8.46 to 7.83, 7.54 to 7.06, 7.85 to 7.23 and 7.43 to 6.83 stored in aluminum silver foil packaging material(Table 8) The mean values for the overall acceptability of edible cutleries stored in MPP packaging material reduced from 8.46 to 7.93, 7.54 to 7.16, 7.85 to 7.33 and 7.43 to 6.93 under ambient temperature. The decrease of overall acceptability scores was observed in foxtail millet-based edible cutleries (FMEC), but greater overall acceptability score were observed in refined wheat flour edible cutleries. Desai et al. (2010) also observed a significant decrease in textural score of cake. Overall acceptability decreased due to the decrease in other sensory attributes like color, taste and texture of products.
The present study supported by Baljeet et al. (2010) reported that the biscuits formed with the addition of 20 and 30 percent buckwheat flour had overall acceptability score of 6.71 and 6.20 respectively, suggesting acceptability to the consumers.
The same conducted by Thagunna et al. (2023) developed a safe, sustainable alternative to plastic cutlery. Here, the sensory evaluation was done on all three edible cutlery samples (S1, S2, and S3) to assess several aspects such as color, appearance, texture, flavor, odor, and overall acceptability. Here, the 25-member panel used 9-point Hedonic scale to evaluate these qualities. Here, S1 had the highest overall sensory attributes for color, appearance, texture, flavor, odor, and overall acceptability (7.64, 7.82, 6.91, 7.0, 6.9, and 7.45%) than S0 and S2 was similar to my present study. 
Peroxide content of developed millet-based edible cutleries at different intervals of storage
Table 9 depicts that Effect of peroxide content of developed millet-based edible cutlery samples at different intervals of storage. The peroxide content of developed refined wheat flour edible cutleries, white finger millet, little millet and foxtail millet-based edible cutleries sample stored in aluminium silver foil packaging under room temperature varied from 0.84 to 0.88, 0.89 to 0.92, 0.94 to 0.95 and 1.22 to 1.32 mEqO₂/kg. For edible cutleries stored in metalized polyesters pouches(MPP) under room temperature, peroxide content varied from 0.75 to 0.76, 0.8 to 0.82, 0.89 to 0.95 and 0.97 to 0.98 mEqO₂/kg respectively at 0th , 30th, 60thand 90thday of storage interval.Similar findings were also reported by Hafez et al. (2012), who showed increases in moisture, peroxide value and decreases in free fatty acid values during storage days.
The increase in the peroxide content was observed among the millet based edible cutleries with the increase in the storage period. Significant difference was observed among all four developed edible cutleries stored in aluminium silver foil and MPP packaging materials during storage intervals (0th, 30th, 60th, 90thday). The highest peroxide content has observed for the little millet edible cutleries stored both aluminium silver foil (1.32 mEqO₂/kg) and MPP (0.98 mEqO₂/kg) packaging material at 90th day of storage period. The developed edible cutleries stored in MPP showed significant difference between the developed edible cutleries and compared to aluminum silver foil packaging, MPP contained lower peroxide content. The results indicated that peroxide value of cake gradually increased as storage days increased.
Free fatty acid content of developed millet based edible cutleries at different intervals of storage
Effect of free fatty acid content of developed millet based edible cutlery samples at different intervals of storage is presented in Table 10. The free fatty acid content of developed refined wheat flour edible cutleries, white finger millet, little millet and foxtail millet based edible cutleries sample stored in aluminium silver foil packaging under room temperature varied from 0.21 to 0.24, 0.28 to 0.29, 0.37 to 0.38 and  0.45 to 0.49 mEqO₂/kg . For edible cutleries stored in metalized polyesters pouches(MPP) under room temperature, peroxide content varied from 0.16 to 0.18, 0.22 to 0.23, 0.31 to 0.33 and 0.39 to 0.42  mEqO₂/kg respectively at 0th , 30th, 60th and 90th day of storage interval. The present study results were comparable with the study by Hafez (2012) and Akter (2021) reported that increases in acid value when compared to refined wheat flour edible cutleries at zero time is explained by hydrolysis of the oil to free fatty acid which lead to further formation of aldehydes and ketones.
Acid value measures free fatty acids and usually considered to be one of the main parameters reflecting the quality of food during the storage period (Rao et al., 2009).
The increase in the free fatty acid content was observed among the millet based edible cutleries with the increase in the storage period. Significant difference was observed among all four developed edible cutleries stored in aluminium silver foil and MPP packaging materials during storage intervals (0th, 30th, 60th, 90thday). The highest free fatty acid content has observed for the little millet edible cutleries stored both aluminum silver foil (0.49 mEqO₂/kg) and MPP (0.42 mEqO₂/kg) packaging material at 90thday of storage period. The developed edible cutleries stored in aluminium silver foil cover and MPP showed significant difference between the developed edible cutleries without 30th day which shown non-significant difference and compared to aluminium silver foil packaging, MPP contained lower free fatty acid content. The results indicated that free fatty acid value of cutleries gradually increased as storage days increased.
Conclusion: 
[bookmark: _Hlk220186137][bookmark: _Hlk220186384]The developed edible cutleries stored in aluminium silver foil and metalized polyester pouches (MPP) packaging material during the storage interval (0th, 30th, 60th and 90th day), analyzed for the   appearance of best accepted edible cutleries stored in both the packaging material showed a significant difference. The decrease of overall acceptability scores was observed in foxtail millet based edible cutleries (FMEC), but greater overall acceptability score were observed in refined wheat flour edible cutleries. The mean sensory scores of edible cutleries with respect to overall acceptability showed a significant decrease in both aluminum silver foil and MPP packaging material during storage period.The increase in the peroxide content was observed among the millet based edible cutleries with the increase in the storage period. The highest free fatty acid content has observed for the foxtail millet edible cutleries stored both aluminium silver foil (0.49 mEqO₂/kg) and MPP (0.42 mEqO₂/kg) packaging material at 90th day of storage period. Compared to other cereals, millets have poor keeping quality owing to their high-fat content and lipase activity. The degradation of triglycerides can be regulated by several pre-treatments that either mechanically removes the fat-containing part or inhibit the lipase activity. 
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 Table 2: Effect of appearance of best accepted millet based edible cutlery samples at different intervals of storage
	
Millet edible cutleries
	Aluminium silver foil packaging material
	MPP packaging material

	
	Storage intervals (days)
	Storage intervals (days)

	
	0th day
	30thday
	60thday
	90thday
	0thday
	30thday
	60thday
	90thday

	Control
	8.03±0.05
	7.91±0.01
	7.83±0.03
	7.79±0.01
	8.03±0.05
	7.97±0.01
	7.91±0.00
	7.89±0.01

	WFEC
	7.72±0.00
	7.69±0.00
	7.61±0.02
	7.59±0.01
	7.72±0.00
	7.71±0.00
	7.69±0.00
	7.63±0.03

	LMEC
	8.32±0.05
	8.29±0.01
	8.22±0.03
	8.15±0.04
	8.32±0.00
	8.30±0.00
	8.23±0.00
	8.18±0.05

	FMEC
	7.56±0.00
	7.45±0.04
	7.41±0.02
	7.32±0.03
	7.56±0.00
	7.55±0.01
	7.52±0.01
	7.50±0.00

	F-value
	*
	*
	*
	*
	*
	*
	*
	*

	SEm±
	0.01
	0.05
	0.08
	0.04
	0.03
	0.03
	0.04
	0.03

	CD at 5%
	0.05
	0.19
	0.27
	0.13
	0.11
	0.11
	0.14
	0.11


Control -Refined wheat flour edible cutleries, WFEC-White finger millet edible cutleries, LMEC-Little millet edible cutleries, FMEC-Foxtail millet edible cutleries.
Values expressed as Mean ±SD



*Significant (P<0.05), Values are mean of triplicates



Table 3:  Effect of colour attributes of best accepted millet based edible cutlery samples at different intervals of storage
	
Millet edible cutleries 
	Aluminium silver foil packaging material
	MPP packaging material

	
	Storage intervals (days)
	Storage intervals (days)

	
	0thday
	30thday
	60thday
	90thday
	0thday
	30thday
	60thday
	90thday

	Control
	8.31±0.00
	8.23±0.05
	8.13±0.05
	8.07±0.06
	8.31±0.00
	8.29±0.00
	8.27±0.00
	8.18±0.02

	WFEC
	7.72±0.01
	7.63±0.07
	7.54±0.05
	7.43±0.02
	7.72±0.01
	7.69±0.00
	7.63±0.00
	7.59±0.00

	LMEC
	8.06±0.05
	7.86±0.09
	7.81±0.01
	7.71±0.02
	8.06±0.05
	7.96±0.09
	7.86±0.05
	7.83±0.05

	FMEC
	7.57±0.01
	7.50±0.005
	7.41±0.01
	7.35±0.04
	7.57±0.01
	7.51±0.00
	7.48±0.02
	7.38±0.02

	F-value 
	*
	*
	*
	*
	*
	*
	*
	*

	SEm±
	0.01
	0.03
	0.04
	0.07
	0.02
	0.03
	0.04
	0.06

	CD at 5%
	0.05
	0.12
	0.15
	0.23
	0.06
	0.12
	0.15
	0.22


Control -Refined wheat flour edible cutleries, WFEC-White finger millet edible cutleries, LMEC-Little millet edible cutleries, FMEC-Foxtail millet edible cutleries.
 Values expressed as Mean ±SD
*Significant (P<0.05), Values are mean of triplicates
Table 4:  Effect of texture of best accepted millet based edible cutlery samples at different intervals of storage
	
Millet edible cutleries
	Aluminium silver foil packaging material
	MPP packaging material

	
	Storage intervals (days)
	Storage intervals (days)

	
	0thday
	30thday
	60thday
	90thday
	0thday
	30thday
	60thday
	90thday

	Control
	8.21±0.18
	8.03±0.05
	7.80±0.05
	7.63±0.11
	8.21±0.18
	8.13±0.05
	7.96±0.05
	7.73±0.10

	WFEC
	8.06±0.11
	7.76±0.05
	7.63±0.05
	7.46±0.05
	8.06±0.11
	7.86±0.05
	7.73±0.05
	7.56±0.05

	LMEC
	8.12±0.13
	7.90±0.10
	7.76±0.05
	7.63±0.05
	8.12±0.13
	8.00±0.10
	7.83±0.05
	7.73±0.05

	FMEC
	8.11±0.11
	7.76±0.05
	7.53±0.05
	7.43±0.05
	8.11±0.11
	7.86±0.05
	7.63±0.05
	7.53±0.05

	F-value
	NS
	NS
	*
	*
	NS
	NS
	*
	*

	SEm±
	0.07
	0.06
	0.04
	0.03
	0.11
	0.06
	0.06
	0.05

	CD at 5%
	-
	-
	0.15
	0.11
	-
	-
	0.24
	0.18


Control -Refined wheat flour edible cutleries, WFEC-White finger millet edible cutleries, LMEC-Little millet edible cutleries, FMEC-Foxtail millet edible cutleries.
Values expressed as Mean ±SD,*Significant (P<0.05), NS - Non significant, Values are mean of triplicates

Table 5:  Effect of flavour of best accepted millet based edible cutlery samples at different intervals of storage
	
Millet edible cutleries
	Aluminium silver foil packaging material
	MPP packaging material

	
	Storage intervals (days)
	Storage intervals (days)

	
	0thday
	30thday
	60thday
	90thday
	0thday
	30thday
	60thday
	90thday

	Control
	8.07±0.06
	7.86±0.05
	7.63±0.05
	7.43±0.05
	8.14±0.12
	7.96±0.05
	7.73±0.05
	7.53±0.05

	WFEC
	7.43±0.01
	7.26±0.05
	7.13±0.11
	7.03±0.05
	7.47±0.06
	7.36±0.05
	7.23±0.11
	7.13±0.05

	LMEC
	8.04±0.05
	7.83±0.15
	7.63±0.05
	7.43±0.05
	8.18±0.13
	7.93±0.15
	7.73±0.05
	7.53±0.05

	FMEC
	7.34±0.01
	7.17±0.06
	6.96±0.11
	6.73±0.05
	7.60±0.05
	7.26±0.05
	7.06±0.11
	6.83±0.05

	F-value
	*
	*
	*
	*
	*
	*
	*
	*

	SEm±
	0.02
	0.05
	0.04
	0.06
	0.05
	0.06
	0.07
	0.06

	CD at 5%
	0.09
	0.18
	0.15
	0.19
	0.19
	0.21
	0.24
	0.22


Control -Refined wheat flour edible cutleries, WFEC-White finger millet edible cutleries, LMEC-Little millet edible cutleries, FMEC-Foxtail millet edible cutleries.
Values expressed as Mean ±SD, *Significant (P<0.05), Values are mean of triplicates

Table 6:  Effect of taste of best accepted millet based edible cutlery samples at different intervals of storage
	
Millet edible cutleries
	Aluminium silver foil packaging material
	MPP packaging material

	
	Storage intervals (days)
	Storage intervals (days)

	
	0thday
	30thday
	60thday
	90thday
	0thday
	30thday
	60thday
	90th day

	Control
	8.13±0.05
	7.93±0.05
	7.73±0.05
	7.53±0.05
	8.13±0.05
	8.03±0.05
	7.80±0.05
	7.63±0.05

	WFEC
	7.46±0.05
	7.23±0.05
	7.03±0.05
	6.76±0.05
	7.46±0.05
	7.33±0.05
	7.13±0.05
	6.86±0.05

	LMEC
	7.98±0.03
	7.73±0.05
	7.53±0.05
	7.36±0.11
	7.98±0.03
	7.83±0.05
	7.63±0.05
	7.43±0.05

	FMEC
	7.22±0.04
	7.06±0.05
	6.93±0.05
	6.73±0.05
	7.22±0.04
	7.16±0.05
	7.03±0.05
	6.83±0.05

	F-value
	*
	*
	*
	*
	*
	*
	*
	*

	SEm±
	0.04
	0.04
	0.05
	0.07
	0.06
	0.04
	1.30
	0.06

	CD at 5%
	0.13
	0.13
	0.19
	0.24
	0.20
	0.13
	0.97
	0.20


Control -Refined wheat flour edible cutleries, WFEC-White finger millet edible cutleries, LMEC-Little millet edible cutleries, FMEC-Foxtail millet edible cutleries.
Values expressed as Mean ±SD, *Significant (P<0.05), Values are mean of triplicates

Table 7 :  Effect of mouthfeel of best accepted millet based edible cutlery samples at different intervals of storage
	
Millet edible cutleries
	Aluminium silver foil packaging material
	MPP packaging material

	
	Storage intervals (days)
	Storage intervals (days)

	
	0thday
	30thday
	60thday
	90thday
	0thday
	30thday
	60thday
	90thday

	Control
	8.26±0.05
	7.96±0.05
	7.73±0.05
	7.53±0.05
	8.26±0.05
	8.06±0.05
	7.80±0.05
	7.66±0.05

	WFEC
	7.29±0.01
	7.03±0.05
	6.83±0.05
	6.63±0.05
	7.29±0.01
	7.13±0.05
	6.93±0.05
	6.73±0.05

	LMEC
	7.99±0.01
	7.73±0.05
	7.53±0.05
	7.33±0.05
	7.99±0.01
	7.83±0.05
	7.63±0.05
	7.43±0.05

	FMEC
	7.24±0.05
	7.03±0.05
	6.76±0.05
	6.53±0.05
	7.24±0.05
	7.1±0.05
	6.86±0.05
	6.63±0.05

	F-value
	*
	*
	*
	*
	*
	*
	*
	*

	SEm±
	0.05
	0.06
	0.06
	0.06
	0.04
	0.05
	0.04
	0.05

	CD at 5%
	0.16
	0.21
	0.22
	0.21
	0.16
	0.19
	0.15
	0.19


Control -Refined wheat flour edible cutleries, WFEC-White finger millet edible cutleries, LMEC-Little millet edible cutleries, FMEC-Foxtail millet edible cutleries.
Values expressed as Mean ±SD,*Significant (P<0.05), Values are mean of triplicates

Mean sensory scores for overall acceptability of developed millet based edible cutleries at different intervals of storage
Table 8: Effect of overall acceptability of best accepted millet based edible cutlery samples at different intervals of storage
	
Millet edible cutleries
	Aluminium silver foil packaging material
	MPP packaging material

	
	Storage intervals (days)
	Storage intervals (days)

	
	0thday
	30thday
	60thday
	90thday
	0thday
	30thday
	60thday
	90thday

	Control
	8.46±0.05
	8.23±0.05
	8.03±0.05
	7.83±0.05
	8.46±0.05
	8.33±0.05
	8.13±0.05
	7.93±0.05

	WFEC
	7.54±0.05
	7.33±0.05
	7.13±0.05
	7.06±0.05
	7.54±0.05
	7.43±0.05
	7.23±0.05
	7.16±0.05

	LMEC
	7.85±0.05
	7.63±0.05
	7.43±0.05
	7.23±0.05
	7.85±0.05
	7.73±0.05
	7.53±0.05
	7.33±0.05

	FMEC
	7.43±0.05
	7.23±0.05
	7.03±0.05
	6.83±0.05
	7.43±0.05
	7.33±0.05
	7.13±0.05
	6.93±0.05

	F-value
	*
	*
	*
	*
	*
	*
	*
	*

	SEm±
	0.05
	0.07
	0.06
	0.06
	0.08
	0.07
	0.04
	0.07

	CD at 5%
	0.18
	0.24
	0.20
	0.21
	0.28
	0.24
	0.13
	0.25


Control -Refined wheat flour edible cutleries, WFEC-White finger millet edible cutleries, LMEC-Little millet edible cutleries, FMEC-Foxtail millet edible cutleries.
Values expressed as Mean ±SD,*Significant (P<0.05), Values are mean of triplicates




Table 9: Effect of peroxide content (mEq/Kg of fat) of developed millet based edible cutlery samples at different intervals of storage
	
Millet edible cutleries
	Aluminium silver foil packaging material
	MPP packaging material

	
	Storage intervals (days)
	Storage intervals (days)

	
	0thday
	30thday
	60thday
	90thday
	0thday
	30thday
	60thday
	90thday

	Control
	0.84±0.00
	0.89±0.00
	0.94±0.00
	1.22±0.02
	0.75±0.00
	0.8±0.00
	0.89±0.00
	0.97±0.00

	WFEC
	0.86±0.01
	0.92±0.01
	0.95±0.00
	1.31±0.01
	0.75±0.00
	0.81±0.00
	0.91±0.01
	0.97±0.00

	LMEC
	0.88±0.00
	0.91±0.00
	0.95±0.00
	1.32±0.01
	0.76±0.00
	0.82±0.00
	0.95±0.03
	0.98±0.01

	FMEC
	0.88±0.01
	0.91±0.00
	0.95±0.00
	1.30±0.02
	0.75±0.00
	0.82±0.01
	0.92±0.01
	0.97±0.00

	F-value 
	*
	*
	*
	*
	NS
	NS
	*
	NS

	SEm±
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.01
	0.00

	CD at 5%
	0.01
	0.01
	0.01
	0.01
	N/A
	N/A
	0.03
	N/A


Control -Refined wheat flour edible cutleries, WFEC-White finger millet edible cutleries, LMEC-Little millet edible cutleries, FMEC-Foxtail millet edible 
* Significant at 5%, NS - Non significant, Values are mean of triplicates. cutleries
Values expressed as Mean ±SD	
Table 10  Effect of free fatty acid content of developed millet based edible cutlery samples at different intervals of storage
	
Millet edible cutleries
	Aluminium silver foil packaging material
	MPP packaging material

	
	Storage intervals (days)
	Storage intervals (days)

	
	0thday
	30th day
	60thday
	90thday
	0thday
	30thday
	60thday
	90thday

	Control
	0.21 ±0.01
	0.28±0.00
	0.37±0.00
	0.45±0.00
	0.16±0.00
	0.23±0.01
	0.31±0.00
	0.39±0.00

	WFEC
	0.23±0.00
	0.29±0.00
	0.38±0.00
	0.47±0.00
	0.17±0.00
	0.22±0.00
	0.32±0.00
	0.40±0.00

	LMEC
	0.23±0.01
	0.29±0.01
	0.38±0.00
	0.49±0.01
	0.18±0.00
	0.23±0.00
	0.33±0.00
	0.42±0.00

	FMEC
	0.24±0.01
	0.29±0.00
	0.37±0.00
	0.48±0.00
	0.18±0.00
	0.23±0.00
	0.33±0.00
	0.40±0.00

	F-value
	*
	*
	NS
	*
	*
	 NS
	        *
	*

	SEm±
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	CD at 5%
	0.01
	-
	-
	0.01
	0.01
	-
	0.01
	0.01


Control -Refined wheat flour edible cutleries, WFEC-White finger millet edible cutleries, LMEC-Little millet edible cutleries, FMEC-Foxtail millet edible 
* Significant at 5%, NS - Non significant, Values are mean of triplicates.cutleries
Values expressed as Mean ±SD

