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ABSTRACT 

	Single-use plastic cutlery is one of the most common forms of non-biodegradable solid waste worldwide, and there is a critical need for reusable substitutes and better alternatives to such cutlery. This study developed edible spoons and bowls using whole wheat flour, sago starch, white sesame seed powder, cinnamon powder, and a 1:1 blend of carrot and beetroot peel powders. Whole wheat flour was substituted with the combined peel powders at levels of 5% and 10%, and the optimum formulation was identified. The formulation incorporating 10% peel powder was considered optimum because of its better sensory acceptability, as determined by a 20-member panel using a 9-point hedonic scale. The optimised cutlery exhibited a mean spoon length of 7.14 ± 0.14 cm, a mean spoon weight of 4.31 ± 0.17 g, and a pH of 5.74. Based on colorimetric measurements, the values were L* = 41.35, a* = 0.46, and b* = 11.32, indicating a warm brownish colour. Functional properties included water-holding capacity (83%), oil-holding capacity (118%), and water-absorption capacity (81.5%). Proximate composition revealed protein (16.58%), carbohydrate (72.33%), fat (3.57%), crude fibre (2.86%), ash (1.78%), and moisture (2.88%), with an energy value of 387.78 kcal/100 g. The total phenolic content of the optimised peel-containing formulation was 1.057 mg GAE/g. Antioxidant activity, determined using the DPPH radical-scavenging assay, was higher in the 10% optimised formulation than in the base formulation, indicating that inclusion of the peel powders increased the antioxidative potential of the formulation. The results indicate that cutlery developed with root-vegetable peels may be considered an environmentally friendly, functional, and feasible alternative to plastic cutlery.
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1. INTRODUCTION 

The rapid growth of industrialisation has led to the generation of plastic waste from factories, which poses a serious threat to the environment. Plastic pollution, especially in soil ecosystems and agricultural areas because of the pervasive nature and accumulation of microplastics, is currently receiving worldwide attention, as noted by Chae and An (2018). Malavika et al. (2025) observed that the use of single-use plastic (SUP) in the food service industry has intensified environmental degradation to alarming levels; therefore, this issue needs to be addressed sustainably.
Furthermore, Dordevic et al. (2025) noted that conventional plastics, with lifecycles ranging from decades to hundreds of years in landfills, have a high ecological impact. To address this problem and reduce pollution, edible, biodegradable cutlery made from agricultural waste, such as flour blends and other non-traditional bases, is being considered a potential alternative. For instance, Radenkovs et al. (2026) reported that wheat bran could be used as a source of dietary fibre in foods and that combining it with fruit pomace to develop an edible food plate appeared feasible. To produce mechanically strong, easily handled utensils, it is essential to develop a strong starch matrix. Cassava-based starches show high potential in this context; the evaluation of dry starch sago was carried out by Krishnakumar et al. (2020), who focused on its use as a binder with excellent physico-functional properties. Thus, spoon materials can be prepared from wheat flour as a base and sago flour as a binding material to obtain the required binding strength. In addition to its structuring properties, fortification of such biodegradable matrices with agricultural by-products can also support the development of functional foods with nutritional properties.
Recent literature describes edible tableware produced from starches, cereal flours, plant fibres, and other food-grade biopolymers as a developing alternative to single-use serving items; experimental work has also demonstrated the feasibility of incorporating fruit-peel powder into cereal-based edible cutlery formulations (Meshram et al., 2025; Maheen et al., 2026).
Singh and Mishra (2022), for instance, evaluated the organoleptic and morphological properties of citrus peel powders and their nutritional composition, indicating the high potential of this underutilised raw material for the development of functional foods, particularly because of its richness in dietary fibre and phenolics. Likewise, root and tuber peels possess useful functional and nutritional properties. Recently, Mateus et al. (2024) reported that carrot peel powder contains high amounts of dietary fibre with high hydration and swelling capacities, which are effective for texturising food matrices. The potential cosmetic and health-protective activities of beetroot skin are also considerable. Beetroot peels are reportedly rich sources of natural pigments with proven antioxidant properties and have been reported as potential sustainable natural food colourants (Shakir & Vincenzi, 2024). Beetroot powder supplementation in a food matrix could effectively enhance antioxidant capacity and vitamin C content in dark chocolate, as demonstrated by Kongor et al. (2024). Additionally, Pandey and Singh (2025) successfully developed antioxidant-rich dairy products by adding encapsulated beetroot peel extract powder and reported its effect on structural and textural changes, including hardness.
Food by-products are also being increasingly considered as sources of functional ingredients within upcycling strategies intended to retain value from food-processing side streams (Vilas-Franquesa et al., 2024).
A recent review of cinnamon further describes its nutritional and chemical composition, including dietary fibre, minerals, and constituents associated with antioxidant activity (Bansal et al., 2025).
The addition of spices helps improve the sensory and functional characteristics of bio-composite foods. The extensive use of cinnamon as an active ingredient in food products was noted by Muhammad and Dewettinck (2017), who emphasised the rich polyphenol content of cinnamon, including procyanidins, and its natural health-promoting effects. The combination of vegetable peels, cinnamon, and other nutritious graham cracker components can provide a balanced formulation, especially when other types of seeds are added to the mixture. Although these ingredients have individually demonstrated benefits, less research has explored the synergistic use of beetroot and carrot peel powders in a composite starch matrix for the fabrication of bio-composite cutlery.
Accordingly, the main goal of this study is to develop novel edible cutlery that can address both functional and environmental considerations. The formulation combines spices, whole wheat flour, and sago starch with beetroot and carrot peel powders to provide desirable nutritional, functional, and sensory characteristics. This approach offers an environmentally sustainable solution that may reduce waste while providing a value-added, nutrient-rich edible alternative to single-use plastic cutlery.

2. MATERIALS AND METHODS 

2.1 Raw Materials and Procurement
The raw materials used were whole wheat flour, sago starch, white sesame seeds, and cinnamon powder, procured from local retail outlets in Lucknow, Uttar Pradesh. Carrot (Daucus carota) and beetroot (Beta vulgaris) were purchased from a vegetable market in Lucknow, Uttar Pradesh. Chemicals used for the various analytical protocols (Folin-Ciocalteu reagent, gallic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH), ethanol, and standard buffer solution) were of analytical grade.
2.2 Preparation of Carrot and Beetroot Peel Powders
Fresh carrots and beetroot were washed thoroughly under running water and peeled manually using a food-grade stainless-steel peeler. The peels were collected, washed again, blanched to avoid enzymatic browning, and then dried in a dehydrator at 55-60 °C until a constant weight was achieved. The dehydrated peels were further sun-dried for one day each. The dried peels were subsequently ground using a laboratory-grade blender and sieved through a standard 50-mesh stainless-steel sieve to obtain fine powders. Both carrot peel powder (CPP) and beetroot peel powder (BPP) were stored in airtight containers at room temperature until use.
2.3 Formulation Development and Optimization
Three formulations were prepared: one containing whole wheat flour (base formulation; BF) and two containing 5% (F1) and 10% (F2) of the combined mixture of CPP and BPP, respectively. Initial trials were carried out to optimise the formulation based on dough consistency, moulding, baking properties, and product quality. Key parameters such as appearance, texture, colour, and overall acceptability were evaluated for each formulation. Based on sensory evaluation and physical properties, the most acceptable formulation was selected for further analysis. The standardised formulation was then used to prepare edible spoons and bowls, as described in the formulation process. The formulation details of the developed edible cutlery are presented in Table 1.
Table 1 : Formulation of edible cutlery
	Ingredients
	Control (0%)
	F1 (5%)
	F2 (10%)

	Wheat flour
	70 g
	65 g
	60 g

	Sago Starch
	17 g
	18 g
	18 g

	White sesame seeds
	10 g
	10 g
	10 g

	BPP
	0 g
	2.5 g
	5 g

	CPP
	0 g
	2.5 g
	5 g

	Cinnamon Powder
	2 g
	2 g
	2 g

	Salt
	1 g
	-
	-

	Water
	As required
	As required
	As required


BPP: Beetroot Peel Powder
CPP: Carrot Peel Powder

Lukewarm water was added to the dry ingredients to form a dough with a “workable” consistency. The dough was then rolled and shaped into spoons and bowls and baked in a hot-air oven at 80°C for 8 hours. The baked cutlery was placed in a desiccator to cool and was then stored in airtight containers for subsequent analysis.
The study by Martins et al. (2024) stated that betalains and other natural pigments are highly heat-sensitive and may degrade at high temperatures; therefore, using lower processing temperatures helps preserve antioxidant activity and reduce pigment degradation. Thus, considering the heat sensitivity of natural pigments, a relatively low baking temperature (80°C for 8 h) was selected to minimise the thermal degradation of bioactive compounds and natural pigments, such as betalains, carotenoids, and phenolic compounds, present in beetroot and carrot peels while achieving sufficient dehydration and structural rigidity.


Figure 1 : Flowchart of edible cutlery preparation process
BPP: Beetroot Peel Powder
CPP: Carrot Peel Powder

2.4 Sensory Evaluation
Sensory evaluation was performed by a trained and semi-trained sensory panel of 20 panellists (students and faculty members from the Department of Food Science and Nutrition, BBAU, Lucknow, Uttar Pradesh) using a 9-point hedonic scale (1 = dislike extremely, 9 = like extremely). Colour, appearance, texture, taste, aroma, and overall acceptability were evaluated. Before evaluation, each formulation was coded with a random code (A, B, or C) and presented to the panellists in random order. The panellists were asked to rinse their mouths with water between samples. A further test of migration properties (colour, flavour, etc.) was conducted using strawberry yoghurt of a known commercial brand as the test food. The formulation with the best overall acceptability score was selected for further evaluation.
2.5 Physical Characterization
The optimised cutlery was measured for dimensional parameters using a digital vernier calliper. The characteristics measured were the thickness of the lower part of the spoon handle, middle-portion thickness, neck-region thickness, depth of the spoon bowl, thickness of the spoon head, length, width, bowl diameter, bowl thickness, and weight. Measurements were repeated 2-3 times for each parameter and are expressed as mean ± standard deviation (SD). Three measurements were taken to determine pH using a 10% aqueous suspension of ground spoon powder at room temperature and a calibrated digital pH meter (pH range 0 to 14) with a resolution of 0.01. Colorimetric analysis was carried out using a colorimeter (HunterLab, USA), which provided CIE L* (lightness), a* (red-green), and b* (yellow-blue) values on the surface of the spoon.
2.6 Functional Properties
Water-holding capacity (WHC) was measured using the technique of Sosulski and McCurdy (1987). Each sample was ground and then vortexed in 10 mL of distilled water for 1 minute, followed by centrifugation at 3000 rpm for 30 minutes. The supernatant was removed, and the weight of the sediment was measured. WHC was calculated as the percentage of water retained per unit weight of the sample. Oil-holding capacity (OHC) was determined in the same manner using refined sunflower oil instead of water.
2.7 Proximate Composition Analysis
Proximate composition was determined according to AOAC International official methods (Latimer, 2019). Moisture content was determined by drying the sample at 105°C in a hot-air oven to a constant weight. Crude protein was determined using the Kjeldahl method with a conversion factor of 6.25. Crude fat was extracted using petroleum ether (40-60°C) in a Soxhlet apparatus. Crude fibre was analysed using sequential acid-alkali digestion. Ash content was determined by incineration in a muffle furnace at 550°C for 5 hours. Carbohydrate content was determined by the difference method: 100 – (moisture + protein + fat + crude fibre + ash). Atwater factors (4 kcal/g for protein, 9 kcal/g for fat, and 4 kcal/g for carbohydrate) were used to calculate energy.
2.8 Total Phenolic Content (TPC) and Antioxidant Activity

The total phenolic content (TPC) was measured using the Folin-Ciocalteu colorimetric assay (Singleton & Rossi, 1965). The procedure involved preparing an ethanol extract (80% v/v) of a ground spoon sample, followed by the addition of Folin-Ciocalteu reagent and sodium carbonate solution. Absorbance was measured at 765 nm, and TPC was expressed as milligrams of gallic acid equivalent per gram of sample (mg GAE/g). Antioxidant activity was determined using the DPPH (2,2-diphenyl-1-picrylhydrazyl) free-radical scavenging assay, as reported by Brand-Williams et al. (1995). The ethanolic extract was mixed with a 0.1 mM DPPH solution and kept in the dark for 30 minutes, after which absorbance at 517 nm was measured using a double-beam UV-Vis spectrophotometer.
Percentage inhibition was calculated as:
 % Inhibition = [(Acontrol − Asample) / Acontrol] × 100
Where
Acontrol = 0.80 and Asample is the absorbance of the test sample.
2.9 Statistical Analysis
Triplicate measurements (n = 3) were performed for the selected analytical parameters (proximate composition, certain physical dimensions, and pH), and the results were expressed as mean ± standard deviation (SD). Descriptive statistics were used to summarise the analytical data. Sensory attributes were evaluated by 20 panellists using a 9-point hedonic scale, and the sensory scores are presented as mean ± standard deviation (SD). The formulation exhibiting the highest mean overall acceptability score was selected as the optimised formulation for subsequent analyses.

3. RESULTS AND DISCUSSION

3.1 Sensory Evaluation and Formulation Selection
The acceptability of the developed formulations was evaluated by 20 semi-trained panellists using a 9-point hedonic scale. F1 (5% peel powder incorporation) and F2 (10% peel powder incorporation) received acceptable sensory scores. The mean scores for colour, appearance, texture, and overall acceptability were higher for the peel-containing formulations than for the base formulation, with F2 receiving the highest scores. The use of both carrot and beetroot peel powders could be credited with enhancing the natural colour of the developed cutlery, thereby improving the visual appeal of F2. The mean taste score of F2 was similar to that of the base formulation, whereas higher mean scores were obtained for colour, appearance, texture, aroma, and overall acceptability. The texture score for F2 was 6.50 ± 0.26, compared with 5.50 ± 0.20 for the base formulation. The overall acceptability score for F2 was 7.30 ± 0.18, which falls within the categories “like moderately” to “like very much” on the 9-point hedonic scale. F2 (10% total peel powder incorporation) was selected for further physicochemical and structural characterisation because of its favourable sensory performance and higher level of peel powder incorporation. No transfer of flavour was detected in the taste/flavour transfer test using commercial strawberry yoghurt. The taste score of F2 was relatively low (4.45 ± 0.25), but the earthy taste was detected only during chewing of the spoon and was not associated with detectable earthy flavour leaching into the yoghurt. This observation suggests that the optimised formulation did not impart a detectable off-flavour to the food product during the transfer test.
      Table 2: Sensory evaluation scores (Mean ± SD, n = 20) on a 9-point hedonic scale
	Sensory Attribute
	Base Formulation (0% Peel)
	F1 (5% Peel)
	F2 (10% Peel/Control)

	Color
	4.80 ± 0.14 
	6.30 ± 0.16
	8.05 ± 0.18

	Appearance
	5.50 ± 0.11
	6.60 ± 0.13
	7.20 ± 0.17

	Texture
	5.50 ± 0.20
	5.65 ± 0.15
	6.50 ± 0.26

	Taste
	3.85 ± 0.17
	4.35 ± 0.23
	4.45 ± 0.25

	Aroma
	5.05 ± 0.18
	5.15 ± 0.17
	5.60 ± 0.17

	Overall Acceptability
	5.55 ± 0.11
	6.50 ± 0.11
	7.30 ± 0.18




Base Formulation:  BF
3.2 Physical Dimensions
The optimised dimensions of the edible spoon are shown in Table 2a. The mean length of the spoon was 7.14 ± 0.14 cm and the width was 0.81 ± 0.04 cm, similar to those of a normal tea, coffee, or dessert spoon. The mean spoon weight was 4.31 ± 0.17 g, and the mean bowl weight was 28.21 ± 2.69 g, indicating that the utensils were relatively light while retaining structural integrity for single-use applications. Thickness at various locations ranged from 2.03 ± 0.18 mm at the neck to 2.37 ± 0.10 mm in the middle portion of the spoon, indicating structural uniformity relevant to mechanical function. For handling liquid and semi-liquid foods, the spoon-bowl depth was 3.81 ± 0.91 mm. The mean bowl diameter and thickness were 6.80 ± 0.12 cm and 2.58 ± 0.14 mm, respectively.
Table 2a: Physical Dimensions of the Optimized Edible Cutlery (10% Peel Powder Substitution)
	Parameter
	Readings
	Mean ± SD

	Lower part thickness (mm)
	2.45, 2.22
	2.34 ± 0.16

	Middle portion thickness (mm)
	2.26, 2.44, 2.40
	2.37 ± 0.10

	Neck region thickness (mm)
	1.90, 2.16
	2.03 ± 0.18

	Depth of spoon bowl (mm)
	3.20, 3.37, 4.85
	3.81 ± 0.91

	Length of spoon (cm)
	7.21, 7.24, 6.98
	7.14 ± 0.14

	Width of spoon (cm)
	0.84, 0.76, 0.82
	0.81 ± 0.04

	Weight of spoon (g)
	4.45, 4.36, 4.12
	4.31 ± 0.17

	Weight of bowl (g) 
	26.31, 30.12
	28.21 ± 2.69

	Diameter of bowl (cm)
	6.71, 6.88
	6.80 ± 0.12

	Bowl thickness (mm)
	2.68, 2.48
	2.58 ± 0.14


It can be noted that, despite the relatively low baking temperature, the developed spoons maintained acceptable structural integrity because of gradual moisture removal during prolonged drying, starch gelatinisation from sago flour, and gluten-network formation from wheat flour.
[image: ]
Figure 2 : 10% Peel incorporated edible cutlery after baking
3.3 pH and Colorimetric Properties
The pH value of the optimised cutlery was 5.74, indicating mild acidity (individual readings: 5.76, 5.80, and 5.65). This slight acidity may be due to the presence of organic acids naturally occurring in carrot and beetroot matrices (oxalic acid, citric acid, malic acid, etc.) as well as phenolic compounds from cinnamon. pH, one of the intrinsic factors of bakery products, plays an important role in product quality, browning reactions, and microbial stability (Lukinac et al., 2022). The acidity may also provide some protection against the growth of microorganisms during storage under ambient conditions. The observed colour (L* = 41.35) may reflect the darkening of beetroot and carrot pigments (betalains and carotenoids) during baking, together with Maillard and caramelisation reactions. The positive b* value (11.32) indicates a yellow-orange hue, which is consistent with carotenoid pigmentation, while the near-neutral a* value (0.46) indicates a balance between red and green components, with the red component of betalains potentially masked by baking-related browning. The colorimetric properties confirm the presence of naturally coloured components, which may be a useful feature for clean-label consumer products in which synthetic colourants are avoided.
3.4 Functional Properties
The water-holding capacity (WHC) and oil-holding capacity (OHC) of the optimised cutlery (F2) were 83% and 118%, respectively. The moderate-to-high WHC indicates that the dense starch-fibre matrix can control moisture penetration, potentially reducing rapid structural collapse and early sogginess when the cutlery is exposed to aqueous foods. At the same time, the higher OHC may be associated with hydrophobic amino acid residues in the wheat protein fraction and the lipid-rich sesame seeds, indicating a favourable capacity for trapping surface oils. Ma et al. (2022) explained that hydrophobic amino acid residues in food proteins contribute significantly to oil binding and retention in composite food systems. This dual amphiphilic character, which promotes lipid retention while limiting rapid hydration, may help maintain the mechanical rigidity of the edible spoon during use without adversely affecting mouthfeel when the spoon is eventually consumed with foods such as soup or curry.
3.5 Proximate Composition
The proximate composition of the optimised edible cutlery (10% peel powder) is shown in Table 3. The moisture content of 2.88 ± 0.04% indicates extensive dehydration during processing; moisture content and moisture migration are important factors governing the quality and shelf stability of bakery products (Taglieri et al., 2021). This low moisture content suggests substantial moisture removal, which could be beneficial for storage stability; however, the actual shelf life should be assessed through storage and microbial testing. The low moisture content may also contribute to the mechanical stiffness required for usable cutlery. The protein content was 16.58 ± 0.04%, reflecting contributions from wheat flour and sesame seeds. The fat content of 3.57 ± 0.04% was contributed mainly by sesame-seed lipids, with additional contributions from wheat germ and the peel powders. Crude fibre (2.86 ± 0.05%) reflects contributions from wheat bran, peel cell-wall polysaccharides (pectin, hemicellulose, and cellulose), and sesame-hull fibre. Development of functional food formulations with dietary fibre and useful hydration properties has been associated with carrot peel powder, as demonstrated by Mateus et al. (2024). Beetroot processing waste can also be considered a source of dietary fibre, betalains, and antioxidant compounds (Lazăr et al., 2022). The ash content (1.78 ± 0.03%) represents the mineral fraction of the composite. Carbohydrate content (72.33 ± 0.07%) constituted the major component of the formulation, largely reflecting the starch-rich wheat flour and sago matrix. The calculated energy value was 387.78 ± 0.08 kcal/100 g.
Table 3: Proximate Composition of the Optimized Edible Cutlery (10% Peel Powder Substitution)
	Parameter
	Replicate 1 (%)
	Replicate 2 (%)
	Replicate 3 (%)
	Mean ± SD

	Moisture
	2.89
	2.91
	2.84
	2.88 ± 0.04

	Protein
	16.58
	16.55
	16.62
	16.58 ± 0.04

	Fat
	3.57
	3.61
	3.53
	3.57 ± 0.04

	Crude Fibre
	2.86
	2.90
	2.81
	2.86 ± 0.05

	Ash
	1.75
	1.78
	1.81
	1.78 ± 0.03

	Carbohydrate*
	72.35
	72.25
	72.39
	72.33 ± 0.07

	Energy (kcal/100 g)
	387.85
	387.69
	387.81
	387.78 ± 0.08


*Carbohydrate calculated by difference: 100 − (Moisture + Protein + Fat + Crude Fibre + Ash). Values are mean ± SD of three replicates.
3.6 Total Phenolic Content and Antioxidant Activity
The total phenolic content (TPC) of the optimised edible cutlery was 1.057 mg GAE/g sample. The phenolic content reflects contributions from ingredients such as cinnamon (cinnamaldehyde, eugenol, and procyanidins), carrot peel (chlorogenic acid, caffeic acid, and kaempferol), beetroot peel (betalains, ferulic acid, and vanillic acid), sesame seeds (sesamin, sesamolin, and lignans), and whole-wheat bran (alkylresorcinols and ferulic acid). Singh et al. (2021) described various characteristics of dietary phenolics, including antioxidant, anti-inflammatory, cardioprotective, and antimutagenic effects. This level of phenolic compounds (1-2 mg GAE/g) is considered moderate in baked cereal products and is similar to literature data for wheat-based products containing vegetable powders. With a control absorbance of 0.80, the optimised edible cutlery showed DPPH radical-scavenging activity of 39.06% (absorbance = 0.4875), whereas the base formulation showed 15.83% (absorbance = 0.6734). The 23.23-percentage-point difference in radical-scavenging activity can be attributed to the addition of carrot and beetroot peel powders in the optimised formulation, resulting in improved antioxidant potential. This enhancement in antioxidant capacity may be associated with bioactive components in the peel powders, such as phenolic compounds and betalains. This observation is consistent with reports describing betalains in beetroot peels and other antioxidant phytochemicals in vegetable by-products and cinnamon (Martins et al., 2024; Singh et al., 2021). Based on these results, the use of fruit and vegetable processing by-products may improve the functional properties of edible cutlery and contribute to the valorisation of agro-industrial waste streams.


Figure 3 : Comparison of DPPH Radical scavenging activity between 10% peel incorporated formulation vs base (0%) formulation

3.7 Statistical Analysis Summary
All quantitative data were summarised using descriptive statistics and expressed as mean ± standard deviation (SD), where applicable. SD was used to describe variability among replicate measurements for the respective parameters. Low SD values were obtained for the proximate composition parameters (moisture ± 0.04; protein ± 0.04; fat ± 0.04; crude fibre ± 0.05; ash ± 0.03; carbohydrate ± 0.07; energy ± 0.08 kcal/100 g), reflecting low variation among replicate measurements. Similarly, relatively low variability was observed for most measured physical parameters, except for spoon-bowl depth and bowl weight. The relatively larger differences in these parameters may be related to slight differences in size and weight caused by the manual mould-pressing method used in the laboratory-scale production process. Descriptive data (mean ± SD) were also used to summarise the sensory evaluation results. The mean scores of the three formulations (BF, F1, and F2) were compared based on their sensory scores. The mean scores of F2 (10% peel powder incorporation) were higher than those of the base formulation for several sensory attributes, particularly colour, appearance, texture, and overall acceptability. Taste scores were relatively similar between F1 and F2, indicating that incorporation of peel powder at 10% did not markedly reduce taste acceptability. F2 was selected as the optimised formulation for further testing based on its favourable overall sensory performance and higher level of peel incorporation.

4. CONCLUSION & FUTURE RESEARCH DIRECTIONS

The results of the present study demonstrated the feasibility of producing edible cutlery from a bio-composite flour blend containing carrot and beetroot peel powders at up to a 10% substitution level, with acceptable nutritional, functional, and sensory characteristics. The optimised spoon and bowl had a relatively high protein content, approximately 39% DPPH inhibition, high oil- and water-holding capacities, low moisture content, and acceptable structural characteristics and natural colour. The total phenolic content of 1.057 mg GAE/g indicates phytochemical enrichment associated with the inclusion of vegetable peel powders. Based on these findings, the developed edible cutlery may have potential as an edible alternative to disposable plastic cutlery. The conversion of food-processing waste into value-added products is an important component of circular-economy approaches, as highlighted by Di Fraia et al. (2024). The present study was limited to formulation development and physicochemical evaluation at laboratory scale. Future work should include mechanical durability testing under wet conditions, shelf-life testing under different storage environments, packaging development, scale-up, and consumer acceptance under real-use conditions. Comparative trials with commercially available edible-cutlery products, together with in vitro digestibility studies, would further strengthen the evidence base for this product category. 

Limitations 
This study was limited to formulation development and laboratory-scale physicochemical, functional, antioxidant, and sensory evaluation. Mechanical durability under wet-use conditions, shelf life under different storage environments, packaging performance, large-scale process reproducibility, and consumer acceptance in real-use settings were not established. Comparative testing against commercially available edible cutlery was also not conducted. Accordingly, the findings should be interpreted as preliminary evidence of formulation feasibility rather than confirmation of practical or commercial performance.
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Weighing of ingredients (Wheat flour, Sago starch, White sesame seeds BPP, CPP, Cinnamon powder)


Mixing of ingredients in bowl and addition of lukewarm water


Kneading of dough


Shaping and molding


Shaping into dough ball and rolling of dough ball in baking sheet


Dough wrapped with cling film and allowed to rest for 15 minutes


Baking at 80 degree Celsius for 8 hours in Hot Air Oven


Cooled in desiccator for 1 hour 


Packed and Stored in air tight container



DPPH Radical scavenging activity (%) 	
Control (0% peel)	10% peel 	15.83	39.06	
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