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ABSTRACT

 The improper disposal and continuous accumulation of plastic waste in the environment pose a significant threat to all forms of life, including humans. Disposable plastics alone account for nearly 50 per cent of total plastic waste, thereby contributing substantially to environmental pollution and the degradation of ecosystems worldwide. Owing to their non-biodegradable nature and low density, most plastic materials occupy considerable space in landfills and persist in the environment for extended periods. In response to these challenges, efforts are being made by entrepreneurs to develop sustainable alternatives to conventional disposable plastics, including biodegradable and even edible materials. In this context, millets have gained attention as functional foods with potential applications in eco-friendly packaging solutions. Furthermore, the growing trend of takeaway and convenience foods has intensified the demand for sustainable packaging options, thereby highlighting the need for innovative, environmentally responsible alternatives. These 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 appearance of best accepted edible cutleries stored in both Aluminium and metalized packaging material showed a significant difference during the 0 to  90th day, but as the day increases there is decreasing in the stored product 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 cutlery 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 cutlery (Control, WFEC, LMEC and FMEC) stored in Aluminium silver foil packaging material decreased from 8.13  to 6.73  mean values. The mean sensory scores for flavor of Control and test samples stored in Aluminium silver foil packaging material decreased from 8.07 to 6.73. The mouth feels mean sensory scores ranges from 8.26 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 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 permissible limit.

Key Words:   Millets, Edible Cutlery, Storage period, Packaging materials, Free Fatty acids

INTRODUCTION
India generates approximately 15 million tonnes (Mt) of plastic waste annually, of which only about one-quarter is effectively recycled. Globally, nearly 350 million tonnes of plastic are produced each year. By 2017, plastic had become the third most widely produced human-made material, after steel and concrete. If current production and waste management patterns persist, it is projected that approximately 12,000 Mt of plastic waste will accumulate in landfills or the natural environment by 2050 (Geyer et al., 2017). The widespread and continuous use of plastic products has resulted in numerous adverse environmental and health impacts. These include air pollution arising from plastic incineration, contamination of marine ecosystems, and the proliferation of microplastics, which can damage the internal organs of aquatic organisms. Such contamination may indirectly affect human health through the consumption of seafood, meat, and other products containing microplastic residues. In response to these concerns, alternative materials are being explored to replace conventional plastic products. Certain biodegradable and edible materials, particularly those derived from millets, offer promising potential due to their nutritional composition. Millets are rich in essential nutrients, including vitamins B₁, B₂, B₃, B₉, and E, as well as minerals such as iron (Fe) and calcium (Ca), and serve as a valuable source of dietary energy. The development of eco-friendly cutlery from such materials represents a sustainable approach to reducing plastic usage, while simultaneously contributing to improved nutritional intake and promoting healthier lifestyles (Roy et al., 2022).
          Consumers prefer to use the conventional stainless-steel cutlery as compared to the other varieties available. To avoid such pernicious effects of plastics to the environment and also provide a suitable alternative to cutlery, Edible Cutlery is a creative and futuristic approach towards manufacture of food deliverables and storages. To avoid use of such non-biodegradable material, edible cutlery will be developed in the current study with all natural ingredients i.e. the blend of cereals and millets. Edible cutlery presents considerable potential for entrepreneurial innovation, particularly in addressing the limited availability of sustainable alternatives to conventional plastic products, as this domain remains relatively underexplored. The incorporation of nutrient-rich ingredients, especially those abundant in vitamins and minerals, can further enhance the functional value of such products. In this regard, edible cutlery can serve not only as an eco-friendly alternative but also as a source of nutritional supplementation, contributing to improved health and dietary intake. Moreover, these edible containers may be considered ready-to-eat products, as they require no additional preparation prior to use. They can function effectively as utensils for serving solid, semi-solid, and liquid food items, thereby offering versatility alongside sustainability. Despite their potential, limited research has been conducted on the development of edible containers using millet-based formulations and other complementary ingredients. This highlights a significant research gap and underscores the need for further scientific investigation and product development in this emerging field.
Global production of cereal grains has reached unprecedented levels, reflecting their central role in human nutrition as a primary source of dietary energy. In 2019, total cereal production attained a record of approximately 2,715 million tonnes. Despite this achievement, the global food system is increasingly challenged by a range of factors, including rapid population growth, climatic variability, rising food prices, water scarcity, environmental degradation, and other socio-economic pressures. These constraints have the potential to adversely affect agricultural productivity at regional and global scales, thereby exacerbating food insecurity and contributing to price volatility. In this context, millets have emerged as nutritionally superior and climate-resilient crops, offering a rich source of essential nutrients, including proteins, carbohydrates, lipids, minerals, vitamins, and various bioactive compounds. Numerous studies have highlighted the role of millets as supplementary foods in enhancing nutritional security and supporting sustainable livelihoods. However, compared to major cereals, relatively limited research has been conducted on the storage stability of sorghum and other millets. The shelf life of millet flours can be improved through a range of processing techniques. These methods primarily focus on the removal of lipid-rich components through mechanical means or the inactivation of lipase enzymes using appropriate processing treatments. Additionally, such techniques may help in reducing microbial and fungal contamination by damaging their cellular structures or genetic material, thereby preventing spoilage. These processing interventions also influence the functional properties of millet-based products, further affecting their suitability for diverse food applications.
The primary aim of this study was 
(1) To store the edible cutlery in different packaging materials. 
(2) To assess the sensory quality of the stored edible cutlery. 
(3) To evaluate the effect of different packaging materials of the quality of the stored 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.
[bookmark: Preparation_of_control_cutlery]Formulation and Preparation of Millet based Edible Cutlery
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, 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 (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 cutlery (Control, WFEC, LMEC and FMEC).                                                                           
Table 1. Formulation of millet based edible cutlery
	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 cutlery

The products were stored for up to 90 days at ambient temperature. Two types of packaging materials were used (Plate 1). 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: All_products_were_stored_for_a_period_of]Microbial analysis of best accepted white finger millet, little millet and foxtail millet based edible cutlery

[bookmark: 3.10_Consumer_acceptability_of_best_acce]All products were stored for a period of three months in aluminium silver foil and metalized polyester polyethylene pouches under ambient conditions. Initial packing was done at 0th day and after 30 days of interval for up to 3 months. Products were tested for total bacterial and fungal counts. The media used was nutrient agar (NA), Martin Rose Bengal Agar (MRBA) and Eosin methylene blue agar (EMB). It was carried out by serial dilution and pour plate method.
[bookmark: 3.9_Microbial_analysis_of_best_accepted_]RESULTS AND DISCUSSION
Effect of storage on sensory characteristics of developed millet based edible cutlery  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 cutlery during storage period
The mean sensory scores for appearance of edible cutlery prepared from refined wheat flour, white finger millet flour, little millet flour and foxtail millet flour edible cutlery 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 storage period which was significant (p<0.05). The mean sensory scores for appearance of C , WFEC, LMEC and FMEC stored in aluminum 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 aluminum paper packaging was best to pack products up to three month 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.
 Similarly Hazra and Sontakke (2023) prepared ecofriendly edible cutlery spoons by utilizing functional ingredients includes wheat flour, ragi flour, sorghum flour and Indian ginseng (Ashwagandha) roots powder. Indian ginseng root powder prepared by drying fresh roots in a tray dryer at controlled temperature. Edible cutlery spoons were produced using formulations containing wheat flour (60g) and sorghum flour (20g) was kept constant in all the samples. Ragi flour and ginseng powder level varied in different formulations of edible cutlery.
Mean sensory scores for the color of developed millet based edible cutlery on storage period
The mean sensory scores for color of edible cutlery 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 cutlery 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 cutlery 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).
Similar study was also conducted by Sindhu et al. (2023). The colour properties were studied using Hunter lab colorimeter. Among all the samples the chroma is higher for control sample (26.58) and the lowest chroma value was observed for edible spoons of beetroot extract (17.29). The highest hue angle was recorded for spinach spoons (84.08) and the lowest hue for beetroot spoons (50.75).
Mean sensory scores for the texture of developed millet based edible cutlery 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 cutlery 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 cutlery at different intervals of storage
Perusal of Table 5 showed that the mean sensory flavor scores of edible cutlery 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 cutlery 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 taste of developed millet based edible cutlery at different intervals of storage
The mean sensory scores for the taste of developed edible cutlery 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 cutlery were less affected by storage period when packed in MPP material compared to Aluminium silver foil packaging material. 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.
 Similarly Mukherjee and Raju (2023) developed edible crockery comprising sorghum flour, rice flour and spinach extracts. The overall acceptance was evaluated to be at7.20. This ensures that the concept of edible crockery is well received by the population.
Mean sensory scores for mouth feel of developed millet based edible cutlery at different intervals of storage
The mean sensory scores for the mouth feel of developed edible cutlery  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 aluminum silver foil packaging material. The mean sensory scores for the OAA of developed edible cutlery packed in aluminum 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 cutlery with respect to overall acceptability showed a significant decrease in both aluminum 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 cutlery 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 cutlery (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 cutlery 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 cutlery, white finger millet, little millet and foxtail millet based edible cutlery 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.The similar findings were also reported by Hafez et al. (2012) 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 cutlery 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 cutlery 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 cutlery stored in MPP showed significant difference between the developed edible cutlery  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 cutlery 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 cutlery, white finger millet, little millet and foxtail millet based edible cutlery 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 cutlery  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 cutlery 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 cutlery with the increase in the storage period. Significant difference was observed among all four developed edible cutlery 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 cutlery 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 cutlery stored in aluminium silver foil cover and MPP showed significant difference between the developed edible cutlery 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 cutlery gradually increased as storage days increased.
Microbiological parameters of millet based edible cutleries packed in different packaging material during storage
The data given in Table 11 reflect the mean total bacterial count, fungi count and coli form count of best accepted edible cutlery. Generally, the total viable count indicated that the microbiological quality of any food product and the presence of high number of total viable counts is an indication for low expected shelf life of the product. Microorganisms play significant role in the determination of shelf life of food products.
The present study showed that growth of total bacteria count was not observed up to 50thday of storage in aluminium silver foil packaging material. However, on 60thday growth of bacterial count was observed in Control(0.81 ×102cfu/g), WFEC (0.82×102 cfu /g), LMEC (0.81×102cfu /g), and FMEC (0.82×102 cfu /g) and on 90thday of storage growth of bacterial count in refined wheat flour edible cutleries (0.90 ×102 cfu /g), WREC (0.88×102cfu/g), LMEC(0.87×102 cfu /g),  and FMEC (0.87×102 cfu /g).
In case of MPP packaging material there was no growth of total bacterial count was observed up to the 50thday of storage in metalized polypropylene packaging material. However, on 60thday of edible cutlery storage showed a growth of bacterial count in Control(0.42 ×102 cfu/g), WFEC (0.43×102 cfu /g), LMEC (0.43×102 cfu /g), and FMEC (0.44×102 cfu /g) and on 90thday noticed a growth of bacterial count in refined wheat flour edible cutlery (0.49 ×102 cfu/g), WFEC (0.51×102 cfu/g), LMEC(0.52×102 cfu/g),  and FMEC (0.52×102 cfu/g).
Results on yeast/ mould populations indicated that there were no counts of yeast/ mould in all the formulated edible cutlery during initial to 50thday of storage period in aluminium silver foil packaging material. However, the mould counts were observed on 60thday of storage and the refined wheat flour edible cutlery count was (0.13×102 cfu/g), (0.19×102 cfu/g), (0.16×102 cfu/g) and (0.51×102 cfu/g) for Control, WFEC, LMEC and FMEC respectively. On 90thday, the mould count was recorded in refined wheat flour edible cutlery (0.17 ×102 cfu/g), WFEC (0.23×102 cfu/g), LMEC (0.16×102 cfu/g) and FMEC (0.20×102cfu/g). This might be due to the moisture content present in edible cutlery, encourages the growth of microorganisms.
Similar findings have been reported in earlier studies on the development of edible and biodegradable alternatives to plastic products. Rajendran et al. (2020) formulated nutritious edible cutlery using composite flours comprising wheat, pearl millet, and barnyard millet. Their results indicated that the developed products were biodegradable within five days, demonstrating their potential as sustainable substitutes for conventional plastic cutlery.
Nehra et al. (2022) developed a bio-based edible bowl or cake mould using natural ingredients such as finger millet, refined flour, jaggery, and xanthan gum. The study reported a threefold increase in hardness in formulations containing the S4 sample, indicating improved structural integrity. Furthermore, the developed edible bowl exhibited complete biodegradability within six days, as evidenced by preliminary soil degradation studies.
In another study, Rukijkanpanich and Srininrat (2022) developed an ice cream stick using raw banana powder as an alternative to conventional wooden sticks. The product was prepared by processing raw bananas into powdered form and moulding them into stick shapes. Shelf-life evaluation was conducted under actual storage conditions of −23 to −18 °C using 15 samples. The results indicated a maximum shelf life of approximately eight days. The relatively shorter shelf life was attributed to factors such as the rehydration ratio and water absorption capacity of the product.
Collectively, these studies highlight the growing potential of biodegradable and edible materials derived from natural sources as viable alternatives to conventional plastic-based products, while also identifying challenges related to product stability and shelf life that warrant further investigation.
Conclusion: 
[bookmark: _Hlk220186137][bookmark: _Hlk220186384]The developed edible cutlery  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 cutlery  stored in both the packaging material showed a significant difference. The highest free fatty acid content has observed for the foxtail millet edible cutlery stored both aluminium silver foil (0.49 mEqO₂/kg) and MPP (0.42 mEqO₂/kg) packaging material at 90th day of storage period.. The edible cutlery has qualities like biodegradability, eco-friendliness, and edibility. It can be used in ice creams, hot beverages, salads and sweets like gulab jamun and rasmalai also during conflicts and at disaster-prone places where food is scarce owing to a lack of resources, edible cutlery can be offered. Because, it is good in calories and nearly fat-free and diet-friendly. 
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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
Table 11: Effect of storage on different packaging materials for microbial population
	
Attributes
	
Millet based edible cutlery samples
	Aluminum silver foil packaging material
	MPP packaging material

	

Total bacterial count (cfu×104 /g)
	
	Storage intervals (days)
	Storage intervals (days)

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

	
	Control
	ND
	ND
	0.81±0.01
	0.90±0.01
	ND
	ND
	0.42±0.02
	0.49±0.00

	
	WFEC
	ND
	ND
	0.82±0.00
	0.88±0.00
	ND
	ND
	0.43±0.02
	0.51±0.01

	
	LMEC
	ND
	ND
	0.81±0.00
	0.87±0.00
	ND
	ND
	0.43±0.00
	0.52±0.005

	
	FMEC
	ND
	ND
	0.82±0.00
	0.87±0.00
	ND
	ND
	0.44±0.01
	0.52±0.00

	
	F-value
	-
	-
	NS
	*
	-
	-
	NS
	*

	
	SEm±
	-
	-
	0.00
	0.00
	-
	-
	0.01
	0.00

	
	CD at 5%
	-
	-
	-
	0.017
	-
	-
	-
	0.01

	
Yeast and mould count (cfu×10²/g)
	Control
	ND
	ND
	0.13±0.01
	0.17±0.00
	ND
	ND
	0.09±0.00
	0.11±0.02

	
	WFEC
	ND
	ND
	0.19±0.00
	0.23±0.00
	ND
	ND
	0.11±0.00
	0.12±0.00

	
	LMEC
	ND
	ND
	0.16±0.00
	0.16±0.00
	ND
	ND
	0.09±0.00
	0.11±0.01

	
	FMEC
	ND
	ND
	0.51±0.50
	0.20±0.01
	ND
	ND
	0.11±0.01
	0.12±0.01

	
	F-value
	-
	-
	NS
	NS
	-
	-
	NS
	NS

	
	SEm±
	-
	-
	0.07
	0.12
	-
	-
	0.08
	0.08

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


MPP: Metalized Polypropylene        ND: Not detectable
Control -Refined wheat flour edible cutleries, WFEC-White finger millet edible cutleries, LMEC-Little millet edible cutleries, FMEC-Foxtail millet edible 


